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CHEMISTRY IN LASERS, V 
Electrogénerated Chemiluminescence and Electrochemistry 
in a Laser Cavity 
C. P. KESZTHELYI 
Department of Chemistry, Louisiana State University, Baton Rouge, Louisiana 70803, U.S.A. 
(Received May 10,1974) ' 
The effect of the optical resonant cavity on molecular assembly parameters is examined, in 
an extension of previous studies. The spectroscopic line width narrowing observed in tuned dye 
lasers also leads to a reduction of the "electrochemical line width", and shift of the laser wavelength 
is accompanied by alteration of the standard oxidation and reduction potentials. The results suggest 
novel chemical separations unattainable except in the laser cavity itself. 
The availability of blue emitting electrogenerated chemiluminescence (ECL) 
systems with quantum efficiency better than 10% [1] adds practical significance to the 
novelty aspect of an ECL pumped dye laser. Two investigations are on record that 
attempted to construct such a dye laser; neither has succeeded in obtaining do-
cumented laser action [2, 3]. The following inquiry has been organized into three 
parts: preliminary requirements, documenting laser action, and a comparison of 
electrochemical and ECL properties before and during laser action. This final and 
third phase of the inquiry is of particular interest, as it appears to be, based on a 
thorough examination of the literature, to be the first of its kind, relating the spectros-
copic line width to "electrochemical line width" in an extension of earlier inquiries 
[4] concerning chemistry in lasers. 
. Among the preliminary requirements, a system providing intense chemilumines-
cence ranks foremost, because a high photon density cannot be achieved in a system 
that has a low <PECL> n o r in o n e where <f>£CL is high but the low solubility of the 
parent compounds keeps the radiant power output low (an example of this latter 
adversity would be rubrene in ACN—TBAP, and to a lesser degree, DPA in ACN— 
TBAP; in both cases incorporating a second solvent component such as toluene 
or benzene removes the solubility problem, hence <PECL is the more fundamental 
index for evaluating prospective ECL systems). Determination of the ECL quantum 
efficiency in itself is a major and time consuming undertaking [1], yet it is only a 
starting point in this case for calculating the excited state population density, N*. 
The ECL process, assuming that linear diffusion conditions govern the annihilation 
of electrochemically generated A~ and Z>+ in the vicinity of the electrode, has been 
successfully treated by computer simulation [5]. Attempts by SCHWARTZ et al. 
[6] to utilize Fourier transforms to simulate ECL have been unsuccessful on. the 
366 C. P. KESZTHELYI 
quantitative level, as pointed out previously by the present author [7]. None of the 
simulations in the literature have included the effect of double layer charging on the 
annihilation process; in effect double layer charging will alter the concentration 
profiles significantly, especially at high pulse rates [8]. This is a particularly important 
point in the present context, because as the annihilation zone oscillates in the dif-
fusion layer following the electrochemical pulsing, the excited state population 
density N* varies significantly as the annihilation zone geometry changes. There 
are a number of quenching possibilities one could consider, but these are usually 
insignificant in altering the excited singlet lifetimes, and <P£CL gives a good first 
approximation for N* without taking specific quenching into account. A final pre-, 
iiminary requirement is a flat electrode, because even a very intense ECL system 
might be incapable of supporting a reasonable N* when the simulation volume 
elements ("boxes") are correlated with real space of the optical resonant cavity 
axis. The minute dimension of the annihilation zone, even in comparison to the 
diffusion layer thickness, indicates how flat the electrode should really be to obtain 
maximum optical gain. Furthermore, one is faced with the problem of the electrode 
acting as a quencher for R* [9]; this complication is most severe at very fast pulse 
Tates due to the decreased width of the diffusion layer, suggesting that useful electro-
generation frequencies should be in the low audio range (DC potentials applied to 
a network of submicron dimension microelectrodes offer another promising method 
110], free of double layer charging and oscillation of the annihilation zone also, shown 
to be important problems in the preceding). 
Detection and documentation of laser action, should it indeed occur, also involve 
formidable problems. Two principal techniques of recognized utility are the spatial 
non-randomness test using a partially reflective mirror (l/r2 law should not be 
•obeyed), and spectral resolution of the emitted light for evidence of line narrowing. 
It is in this second technique that lack of a priori information presents a major 
problem: the sensitivity and frequency-gain characteristics of the detector useful 
in analysing fast trains of light pulses are not the same as would be desirable in case 
•of CW laser action. 
MATSUDA and AYABE [11] have shown that the absolute temperature enters 
into the expression for the "electrochemical line-width" as 
D T 
' = ^ - 1 . 1 1 — (1) 
and 
RT 
. ( E ^ r = E(,t +1.09— (2) 
NICHOLSON and. SHAIN confirmed these results approximately a decade later with 
very minor exceptions1. 
The relationship between electrochemical line width and spectroscopic line 
width can be illustrated in a most obvious fashion by comparing an AC rather than 
a DC polarogram with a fluorescence peak (Fig. 1). Under the usual laboratory 
conditions a typical temperature such as 25 °C causes considerable broadening 
1 In Analytical Chemistry 36, 706 (1964), NICHOLSON and SHAIN give 1.109 + 0.002 in Eq. (1). 
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(Fig; 1, a); on the other hand, in a tuned dye laser the spectroscopic line-width 
may decrease by as much as a factor of 10® (Fig. 1, c), and the effective Gaussian tem-
perature2 also reduces the calculated electrochemical line-width to a very narrow 
one. It is significant to note that the conclusion holds not only for an ECL pumped 
dye laser, but also for well established optically pumped ones utilizing selective 
optical feedback. The changing slope of polarographic waves or the narrowing 
of electrochemical line-widths appears to have little practical significance within 
the context of Fig. 1 only. An additional property of dye lasers, however, leads 
- N A R R O W I N G ' 
S pe c I r o sc o py • ' E l e c t r o c h e m i s t r y 
X ( Angst rom ) E ( V o l t s ) 
Fig. 1. Spectroscopic and electrochemical line-narrowing: a and b commonly 
observed line widths at ambient temperatures, c and ¿/reduced line-widths asso-
ciated with the ordered ensemble. 
2 The use of an "effective Gaussian temperature" has been discussed by the present author 
in "Statistical Aspects of Spectroscopic Line Narrowing", Paper presented at the 1974 Meeting 
of the Louisiana Academy of Sciences, Mathematics and Statistics Section. 
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to an extension of the above results which pertain to novel electrochemical separations 
or reactions that can only be carried out under laser action. 
The tunability of the narrow spectral output vs. wavelength (A) is wellestablished, 
and is illustrated in Fig. 2, a. The relationship between Es (the excited singlet energy) 
and E% for many compounds indicates a usual proximity of the two energy values. 
Altering Es , as in Fig. 2, a, is also expected to alter E°, indicated in Fig. 2, b. In a 
T U N A B I L I T Y ' 
S p e c t r o s c o p y . E l e c t r o c h e m i s t r y 
X ( A n g s t r o m E ( Vo l ts ) 
Fig. 2. Spectroscopic and electrochemical tunability in the ordered ensemble: 
a variation of /., b variation of E°. (cf. Fig. 1, c and d). 
mixture of two electroactive species having close E° values, but one of them being 
optically inactive while the other laser active (L), the shift of E\L) provides an electro-
chemical selectivity previously unattainable by conventional means. A fuller treatment 
of the subject including details of the derivations and the results of planned experi-
mental confirmation of the trends will be given in this journal subsequently. 
This was Paper No. 293 presented at the San Francisco Meeting of the Electro-
chemical Society, May 1974. 
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ХИМИЯ В ЛАЗЕРАХ, V 
Хемилюминесценция, возбуждённая электрическим путём, 
и электрохимия в резонаторе лазера 
Ч. П. Кестхели 
В статье, которая является продолжением предыдущих исследований, рассмотрено 
влияние оптического резонатора на параметры молекулярного ансамбля. Сужение спект-
роскопической ширины линии в перестраиваемых лазерах на красителях также приводит 
к уменьшению «электрохимической ширины линии» и смещение длины волны лазера сопро-
вождается изменениями стандартного окислительного и восстановительного потенциалов. 
Результаты указывают на новый метод химического разделения в самом лазерном резо-
наторе. 

DEPENDENCE ON CONCENTRATION AND TEMPERATURE 
OF Mn2+ LUMINESCENCE IN ZINC METAPHOSPHATE GLASSES 
By 
T. SZÖRÉNYI, L. SZÖLLŐSY and K. SZANKA 
Institute of Experimental Physics, Attila József University, Szeged 
(Received July 1, ¡974.) 
The spectral distribution of the luminescence of zinc metaphosphate glasses with 1 0 - 4 to 10~ r 
mole M n u content was measured between 103 and 603 °K. The dependence of the spectral distri-
bution on concentration and temperature as well as the behaviour of temperature quenching of the-
M n 2 + luminescence are very similar to those found in magnesium metaphosphate glasses. The 
( - - ^ l " 1 
formula ///<, — (1 + Ce was found to be suitable for the description of the temperature-
quenching only at temperatures exceeding room temperature. The calculated.activation energies, 
were between 0.12 and 0,22 eV for magnesium metaphosphate glasses, and between 0:18 and 0.26 eV 
for zinc metaphosphate glasses. 
It has been shown by KORDES et al. [1, 2] that Zn-, Mg- and Be- phosphate 
glasses have special physical properties, different from those of other phosphate-
glasses, and this anomalous behaviour was explained by the circumstance that the-
structure of these glasses is similar to that of quartz and alkali silicate glasses. 
Only few systematical investigations concerning the luminescence of these glasses 
were made [3, 4, 5, 6]. In the case of manganese activated crystalline luminophores 
several authors tried also to find relationships between the very different lumines-
cence properties of différent luminophores and the structure of the host lattice^ 
[7—10]. Owing to the special structure of the Zn-, Mg- and Be- phosphate glas-
ses and the great variety found in the luminescence properties of Mn2+-activated. 
crystalline phosphates, it seemed justified to examine the luminescence of the Mn2 + 
ion in these "anomalous" phosphate glasses. Earlier [11, 12] we dealth with the de-
pendence on concentration and temperature of the luminescence of magnesium-, 
metaphosphate glasses activated with Mn 2 + . The present paper describes our in-
vestigations on zinc metaphosphate glasses. 
Experimental 
As the apparatus and the methods of measurement described earlier [12] re-
mained unchanged, only the conditions used in preparing the glasses and the pro-
perties of the latter will be described here. 
The Zn(P03)2 used as starting material was synthesized from ZnO and H 3 P 0 4 
of analytical purity. The manganese content (10~4 to 10 - 1 mole) was introduced 
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in the form of manganous acetate. The charges were melted in covered biscuit ware 
•crucibles exposed to the ambient atmosphere in an electric furnace at 1200° C. 
The duration of the clear melting as well as conditions of the annealing and further 
:steps in the preparation of the samples were the same as described for magnesium 
metaphosphate glasses. 
The zinc metaphosphate glasses obtained are less resistent to moisture than 
magnesium metaphosphate, therefore the samples were stored under kerosene, 
•except for the time of examination. The samples were freed from kerosene by acetone 
before the measurements. 
The results of chemical analysis showed that the losses due to the melting 
process did not cause changes higher than ±5% in the chemical composition: 
The densities measured with pycnometric method are in good agreement with 
the results of K O R D E S et al. [1 ] and the concentration dependence is similar to that 
-obtained for magnesium metaphosphate glasses [12]. 
Results and discussion 
Emission spectra of glasses of 10~3 mole to 10 - 1 mole Mn 2 + content measured 
at 103, 303 and 603 °K are shown in Fig. 1. The maximum of the emission spectra 
shifts with increasing manganese concentration towards longer wavelengths: the colour 
-of the luminescence changes from greenish yellow to red. The extent of the changes 
is in good accordance with data found in literature [4, 5]. At low Mn 2 + concentra-
tions ( < 5 • 10~2 mole Mn2 +), the green band, unusual in phosphate glasses, appears 
also in zinc metaphosphate glasses; it is best resolved at 103 °K. The green band 
is comparatively the strongest in glasses of 5 • 10~4 and 10~4 mole Mn 2 + concentra-
t ion, it is, however, very difficult to measure exactly the spectral distribution of the 
emission because of the very low absolute intensities. 
With increasing temperatures the green band becomes less pronounced, the 
intensity ratio between red and green bands decreases. It may be supposed that the 
temperature quenching of the green band is less than that of the red one. See e.g. [13]. 
Owing to the decrease of the intensity ratio and the shift of the red band towards 
shorter wavelengths, the green band is less pronounced at higher temperatures. 
The band-widths of the emission spectra increase with increasing temperature. 
It has to be remarked that the measurements at 603 °K, chiefly in the case of the 
lowest manganese concentrations, are less accurate than those measured at lower 
"temperatures, because the intensity of luminescence at this temperature is very low. 
The temperature dependence of the positions of the emission maxima in the 
•case of different Mn 2 + concentrations is shown in Fig. 2. The same dependence for 
Mn 2 + activated magnesium metaphosphate glasses is to be seen in Fig. 3. At Mn 2 + 
-concentrations less than 5 • 10~2 mole, the course of the curves is almost the same 
for both metaphosphate glasses. Though the valiie of dX/dT is not constant, the 
shift occurs in the same direction, namely the position of the emission maximum 
shifts towards shorter wavelengths with increasing temperatures. The curves can be 
-divided into two parts of different slope, the bending point being around room 
temperature. In the case of Mn2 + concentrations higher than 5>10 - 2 mole, the 
maxima of the red band shift towards the red from 103 °K up to a temperature 
«depending on concentration, then the green shift usual at lower Mn 2 + concentrations 
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Fig. 1. Emission spectra of Zn0 .p 2 0 6 :10- 3 mole Mn 2 + (1); 5-10- 3 mole Mn2+ (2); 
•10-2 mole Mn 2 + (3); 5 :10- 2 mole Mn 2 + (4); 10"1 mole Mn 2 + (5) glasses. A e x c .=410nm. 
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Fig. 2. Temperature dependence of the positions of the emission maxima of 
ZnO.PiA^lO- 1 mole Mn 2 + (1); 5-10~2 mole Mn2+ (2); 10"2 mole Mn2+ 
(3); 5-10- 3 mole Mn 2 + (4); 1Q-3 mole Mn2+ (5) glasses. 
Fig. 3. Temperature dependence of the positions of the emission maxima of 
Mg0.p 2 0 5 :5 -10 _ 1 mole Mn 2 + (1); 10"1 mole Mn 2 + (2); 5-10- 2 mole Mn2+ 
(3); 10~2 mole M n u (4); 5• 10~3 mole Mn 2 + (5); 10"3 mole Mn2+ (6) glasses. 
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is observed again, i.e. dXjdT changes its sign. It can be stated that the rate of the 
shift increases with increasing concentration and is substantially higher in the case 
of 5 • 10_ 1 mole Mn2 + concentration than for other concentrations. 
The formula given by PARKE [14] for the temperature shift of the spectral 
position of the luminescence maximum can be directly applied only in the case of 
glasses emitting in a single band, because the ligand field strength figuring in the 
formula is valid only for octahedral or for tetrahedral symmetry. In our glasses 
Mn2 + ions are probably found at most concentrations in environments of both 
kinds of symmetries, therefore Parker's formula cannot be used for interpreting our 
results. < 
Fig. 4. Concentration dependence of the temperature quenching 
of Z n 0 . P 2 0 5 glasses. . 
Temperature quenching curves of zinc metaphosphate glasses with different; 
Mn 2 + concentrations are presented in Fig. 4. At the lowest temperature measured 
the intensity of the emission did not reach its maximum value. The temperature 
quenching curves in the temperature range from 103 °K to room . temperature 
show a rather individual behaviour, it can be stated, however, that similarly to 
the magnesium metaphosphate glasses [12] the temperatures corresponding to half 
intensity decrease with increasing manganese content. The range of the individual 
behaviour mentioned is the same as that of the first part of the spectral shift curves 
(Figs. 2 and 3). 
3 7 6 Т. SZÖRÉNYI, L. SZÖLLÖSY A N D K. SZANKA 
The formula 
I -2- ' 
- = (1 + CekT)'1 
is often used for describing the temperature quenching of luminescence on the base 
of the configuration coordinate model [15, 16]. Here I0 denotes the maximum 
intensity of emission, I the emission measured at temperature T, W the activation 
energy, C is the so-called frequency factor, k Boltzman's constant. To determine 
the parameters W and C, log 1 vs. 1000/7" was plotted. W was obtained from 
the high temperature range of the quenching curve as the slope of the straight line 
calculated with the less square method. The calculated values of W were between 
0.12 and 0.22 eV for magnesium metaphosphate glasses, and between 0.18 and 
0.26 eV for zinc metaphosphate glasses. The values are in good agreement with 
those obtained by PARKE for silicate glasses [14] . 
It can be stated that the dependence of the spectral distribution on concentration 
and temperature as well as the temperature quenching of the Mn 2 + luminescence 
in zinc metaphosphate glasses are very similar, to those observed in magnesium meta-
phosphate glasses. Our results support the findings of KORDES concerning the 
structure of these glasses. 
* * * . 
The authors express their thanks to Prof. I. KETSKEMETY, Director of the Institute 
of Experimental Physics for his interest in the research work.. 
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ЗАВИСИМОСТЬ Л Ю М И Н Е С Ц Е Н Ц И И ДВУХВАЛЕНТНОГО МАРГАНЦА 
В СТЕКЛАХ ИЗ МЕТАФОСФАТА Ц И Н К А ОТ КОНЦЕНТРАЦИИ 
И ТЕМПЕРАТУРЫ 
Т. Сереньи , Л. Селлеши , К. Санка 
Измерены спектры люминесценции стекол метафосфата цинка, содержащих ( Ю - 4 —Ю-1)' 
моль Мп 2 + , в интервале температуры 103—603 °К. Оказалось, что концентрационная и тем-
пературная зависимость спектров и температурное тушение, этих стекол весьма подобны с 
соответствующими характеристиками стекол метафосфата магния. Температурное тушение 
описывается формулой 1/10=(1 + Се~уг/кт)-1 только высше комнатной темтературы Рассчи-
танные энергии активации для магнийметафосфатных стекол имеют значения 0,12—0,22 еУ, 
а для стекол из цинкметафосфата 0,18—0,26 еУ. 

EXPERIMENTAL DETERMINATION OF EMISSION SPECTRA 
OF LUMINESCENT SOLUTIONS TAKING POLARIZATION 
INTO ACCOUNT 
B y 
L. VIZE, L. GÁTI and F. PINTÉR 
Institute of Experimental Physics, Attila József University, Szeged 
(Received June 1, 1974) 
It is shown that in determining the emission spectrum of Rhodamine 6G in glycerol solutions, 
a systematic error exceeding 10% may result from neglecting the dependence on wavelength of 
the degree of polarization of the emitted fluorescence. , 
1. The development of modern methods of measurement made it possible to 
determine the degree of polarization of absorption and emission spectra {p{X) and 
p(k'), respectively) in a wider wavelength range and more exactly than earlier. The 
measurements having shown that the degree of polarization of the emitted fluor-
escence substantially depends on the wavelength of observation k \ this circum-
stance has to be taken into account in determining the emission spectrum /(A'). 
The aim of the present work was to determine the systematic error in the emission 
spectrum measured, resulting from neglecting the dependence of the degree of polar-
ization from the wavelength of emission, at constant exciting wavelength. 
Let us consider, according to [1], a cylindrical cuvette of radius R and length /, 
containing the luminescent solution, placed in a cartesian coordinate system 
OX1X2Xz, the illuminated end face of the cylinder being in the plane X,X2 and its 
axis in the direction of X3. Then the quantum flow density of the fluorescence light 
excited in the optically inactive and isotropic fluorescent solution in the cuvette 
by a linearly polarized light beam travelling along Xs with its electric vector parallel 
to Xlt the fluorescence oscillating (in the frequency interval dX') in the direction 
of X1 or X2, respectively, and observed in the centre of the illuminated end face is 
given by 
Here the factor g/n2 describes the reflexion loss and the widening of the solid angle 
of departure, p(k, ?J) is the degree of polarization of the fluorescence, Ex0 the quantum 
flow density of the exciting light incident on the illuminated face of the cuvette 
(expressed in quantum . number • sec - 1 cm - 2 ) , t]x the absolute quantum yield of 
the solution, k; and kx. the absorption coefficients for the wavelengths./1, and X of 
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excitation and observation, and / ( / ' ) the true quantum distribution of the primary 
fluorescence. 
If in the case of linearly polarized excitation only B1 (B,. oscillating in direction 
Xx) is observed, then on the base of Eq. (1), the true fluorescence spectrum is ex-
pressed by 
where 
o 3 1 — p - C A + M ' 
R(X, A') = JLJLE>Mn>k, I , ,, . (3) 
11- O n /V̂ J JVĵ ' 
It can be seen from Eq. (2) that the degree of polarization p(X, ) ') of the fluorescence 
may exert a considerable influence on the true fluorescence spectrum /(A'). Concern-
ing the systematic error caused by neglecting this influence, the following can be said: 
a) In the case of aqueous fluorescein solutions, the degree of polarization 
is near to zero, (the highest value of p, depending on the wavelength, is 0.7% at 
30 °C, [2]), and thus also the systematic error is nearly zero. 
b) Examining only the region of the emission spectrum / ( / ' ) in which p(l, /.') 
is nearly constant, the systematic error will be nearly zero again. 
c) However,, using a highly viscous solvent (e.g. glycerol) and examining a 
region of the spectrum f(X') in which the degree of polarization p{X') of the emission 
spectrum undergoes changes, the effect of the change may become important.. 
2. Our measurements of f{X') and p(X') were performed with the polarization 
spectrofluorimeter described in [2]. In the observing detector no measurable dispersed 
exciting light (from 500 nm to 580 nm; A=490 nm, AX=4 nm) could be found. 
After calibrating measurements, an approximative emission spectrum was 
determined from Eq. (2), with electric vectors parallel to Xx both for excitation and 
observation, considering the factor (3— p)l(\+p) as constant. Instead of the factor 
R(L X') in Eq. (3) the factor. 
could be used because, the exciting wavelengths being constant, g/n2, Ex0, rj} and 
kk were constant, too. The correction for secondary luminescence could be neg-
lected [3]. 
The absorption coefficients k-A were measured with a spectrophotometer Optica 
Milano type C F 4. 
The approximative emission spectrum 
= . < 5 > 
calculated from the results of measurements is shown by open circles (O) in Fig. 1. 
Then the degree of polarization of luminescence in the emission spectrum was 
measured. The dependence on X' of the degree of polarization is shown in Fig. 2. 
With the values p{X') determined in this way, the factor (3— p)/(l +p) in Eq. (2) was 
calculated, and by multiplying the corresponding values of the spectrum f0(X') 
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wtih this factor, the emission spectram f {?.'), shown in Fig. 1 by full circles ( • ) , 
was obtained. 
By comparing the approximative spectrum /0(A') and the spectrum /(A') corrected 
for changes in polarization, important differences were found in the wavelength 
range 500 nm to 550 nm. The relative deviation of /0(/.') from f{l') can be seen from 
Fig. 1, too. The random error o f f{ ) ' ) due to the random error of measurement of 
the degree of polarization is less than the systematic change caused by the factor 
(3— p)/(l +p). While 4 / 7 / is ~4% between 500 nm and 550 nm, the systematic 
change in f ( l ' ) is about 12% in the same interval. 
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ЭКСПЕРИМЕНТАЛЬНОЕ ОПРЕДЕЛЕНИЕ СПЕКТРА Л Ю М И Н Е С Ц Е Н Ц И И 
ЛЮМИНЕСЦИРУЮЩИХ РАСТВОРОВ С УЧЁТОМ 
ПОЛЯРИЗАЦИОННЫХ СВОЙСТВ 
Л. Визе, Л. Гати , Ф. Пинтер 
Показано, что в случае красителя родамина 6Ж растворенной в глицерине без учёта 
степени поляризации люминесценции в зависимости от длины волны наблюдения, система-
тическая ошибка определения в спектре люминесценции составляет более чем 10%. 
BOND ANGLE DEPENDENT LIGAND FIELD MODEL FOR 
ELECTRONIC CONFIGURATIONS d2 AND d\ I 
Theoretical Study of the Trigonal Distortion of 
Tetrahedral Complexes 
By 
M. L BÁN and M. RÉVÉSZ 
Institute of General and Physical Chemistry, Attila József University, Szeged 
(Received September 29, 1974) 
The energy matrices of the electronic states arising from the symmetry splitting of configura-
tions of d2 and d3 systems in trigonally distorted tetrahedral strong ligand fields are given in terms 
of Coulomb interaction and ligand field parameters and the angle of distortion: 
In earlier studies [1—4], the theoretical discussion of the tetragonally distorted 
tetrahedral case has been presented on the basis of the bond angle-dependent ligand 
field model. Though this approach proved to be succesful for the interpretation 
of several properties related with the changes in the electronic energies of a number 
of transition metal complexes [5—7] of the compositions MA4 ) MA3B arid MA2B2, 
nevertheless, later on it proved necessary, to adapt the model to the trigonally and 
rhoriiboidally distorted tetrahedrons, which take more strictly into account the 
actual microsymmetries for complexes of MA3B and MA2B2 compositions. 
In the present paper, the trigonally distorted tetrahedral case, and in the 
following one [8] the rhomboidally distorted tetrahedral case for the d2(da) 
and. d3(d7) configurations1, of greatest practical importance, have been treated 
theoretically. To do this, the procedure outlined in earlier papers has been followed. 
In case of four-coordinate tetrahedrally oriented mixed ligand complexes of 
MA3B composition three identical (A) ligands are located in three apices of the 
tetrahedron and one different (B) ligand in the fourth apex. The coordinate system is 
suitably oriented in such a way that its origin (O) lies in the centre of the tetrahedron 
and the Z-axis coincides with the O—B straight line. Each of the three identical 
A ligands encloses the angle a with the +Z-axis2, so, except the cases a = 109°28' (Td) 
and a = 180°(D„h), the symmetry is C3„ for any angle. The coordinates of the ligand 
positions with respect to the central metal ion are given in Table I. 
1 The discussion of all the remaining cases: d4(i/6) and d5, and further details of the theory can 
be found in [9]. 
2 This Z-axis (the Z-axis of the "trigonally oriented tetrahedron") deviates, of course, by an 
angle of arc cos (3)~1/2 from the Z-axis of the "tetragonally oriented tetrahedron" (comp. with 
71 
the case described in [1]). Throughout this paper — S a S i . 




complex Ligand Metal-ligand 
distance 
Polar angle 
(from the -f Z-axis) 
Azimuthal angle 
(from the -r Y-axis) 
MA3B A1 a 0 
A2 Ra a 2nß A3 Ra a 4TT/3 
B Rb 0 0 
By using the expression (1) of [1], the actual ligand field operator is of the form: 
V{C3v) = eq J [ y (3 cos2 a - l)r2"(r) + r* ( r ) j /*(cos !)) + 
+ (35 cos4 a - 30 cos2 a + 3 ) r f ( r ) + r?(r) Pï(cos 9) — 
— -j^- sin3 a cos a (r )P|(cos 3) (e~B"p + e3i,;p)J. (1) 
For a=109°28' and RA = RB, the perturbation potential valid in the regular ("tri-
gonally oriented") tetrahedral ligand field will be effective : 
V(Td) = eq Pi (cos 3) + ^ P»(cos 9) (e"3'> + e3'>)j r4(r). (2) 
The single-electron trigonal ligand field matrix elements then are 
,(do\V(Cav)\d0) = 2Dl(3)i-6Dl(3), (3.1) 
(d±1\V(C3v)\d±1) = Dt(3)-4Dl(3), (3.2) 
; • (d±2\V{C3v)\d±2) = -2Dl{3) + D\{3), (3.3) 
(d^\V(C3v)\d±2) = ±Dl(3), (3.4) 
or, considering the splitting, d(C3v) = a + 2e (4) 
of the fivefold ¿-orbital and the forms 
" = dz"-, (5.1) 
e\=rf\(Y2dx._y«. + d J , (5 .2) 
e l = ] f j ( Y 2 d x y + dyz), (5 .3) 
e \ = ] [ \ { d x , _ y , - ^ d x z ) . (5 .4) 
e \ = ] ! ^ { d x y - f î d j , (5.5) 
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of the real rf-orbitals3 in trigonal field, the energy matrix elements4 of the real 
«/-functions are 
(fl| V(C3v) |a) = 2D\{2>) + 6£>!j(3), (6.1) 
<ei| V(C3v)\e\) = (e\\ V(C3v) \ef) = (6.2) 
(el\ V(C3v)\el) = (el\ V(C3v) ¡ej) = - 1 D°( 3) Di( 3), (6.3) 
• (®i| V(CSv) \e\) = (e\\ V(C3v) |e|> = - /2D°(3) + DJ(3) + | / > t ( 3 ) . (6.4) 
The meaning of the quantities5 occurring in the expressions (3) and (6) are as follows 
(for simplicity RA taken equal to RB): 
/>8 (3 ) .= j Q l + y ( 3 c o s 2 a - l ) Dq, (7.1) 
£>¡(3) = j 1 + j (35 cos4 a - 30 cos2 a + 3) Dq, (7.2) 
where 
I)3 (3) = sin3 a cos a Dq, (7.3) 
Dq = jRi(r), (8) 
and „ _ M r ) 
s JU(r) • 
(9) 
The explanations of other symbols are given in former papers (see [1—4, 7, 9, 10, 
13]). Applying the strong field approximation to the d2(d8) and d3(d7) congurations 
appearing most frequently in practice, according to the general procedure [10] of 
the ligand field method [11], the energy matrix elements of the multi-electron states 
can be obtained as the sums of integrals composed of the operator (1) and of either 
wave functions of types described in [12] or the product eigenfunctions of a recursion 
method [13] and of integrals of the same functions and the operator (8) of [1]. Thus 
the energy matrices for d2 are: 
3 The subscripts of e in the suffix of the functions indicate the two e-orbitals in (4) and the 
superscripts of e distinguish one function from the other of the degenerate pairs of functions. 
4 Throughout this paper the interaction between the states ex and e2 has been neglected. This 
has no serious effect on the energies, especially at angles close to that of the regular tetrahedron 
and <? = 1. For a more precise treatment, the solutions of the one-electron energy matrix containing 
. the off-diagonal elements (eilV(Cj„)|ea). should be used to calculate the matrix elements of multi-
electron states at given angles. . 
6 The subscripts 2 and 4 of D refer to the degree /, the superscripts 0 and 3 to the order m 
of the associated Legendre polynomial PY"(cos 9) involved in the operator (1) and the adjoining 
number 3 in parentheses refers to the (trigonal) symmetry. In the expressions (10) and (11) the 
latter are omitted. 
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M ( e 2 ) I -D°-3D°t 
(10.2) 
8A, (ej* (e,)' (EI) (E2) 
(ei)2 
4 
3 f i - 2 Z > ° — O j -
3 — D ! 
0 - 6 B 




(a)2 (es)3 (eú(e%) 
. (a)2 i i e + 3 c + 4 z » ® + 
+ 12Z>S / 2 ( 3 B+C) / 2 ( 2 B + C ) -2 f i B 
\5B+4C-2D%-
4 . 4 / 2 
" 3 d ° — T d ° 
4 B + 2 C 2 B 
(e*)2 1 2 B + 2 C -
1 4 „ 4 / 2 . 
- y I * + — 2 * 
0 
(fi) (e2) %B+2C-D%-3Dl 
(10.4) 
(EI)FE) 
( e j f e ) | \2B+2C—D% — 3Di 
(10.5) 
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The expressions (10) and (11) can easily be adapted to the cases of ds and d" by 
leaving the matrix elements of the Coulomb interactions (containing the linear 
combinations of Racah's B and C parameters) unchanged and by reversing the 
signs of the ligand .field energies given by linear combinations of D%, and D\ 
with respect to the cases d2 and d3. The theoretical results obtained can be used for 
the explanation of the physico-chemical properties connected with the electronic 
energies and with their changes in trigonally distorted tetrahedral complexes of 
MA3B composition. 
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МОДЕЛЬ УГЛОВОЙ ЗАВИСИМОСТИ Л И Г А Н Д Н Ы Х ПОЛЕЙ d* И d3 
ЭЛЭКТРОННЫХ КОНФИГУРАЦИЙ, I 
Теоретическое рассмотрение тригональной деформации тетраэдрических комплексов 
М. И. Бан, М. Ревес] 
Используя приближение сильного поля в тригонально деформированной тетраэдричес-
кой системе, рассчитали энергетические состояния матриксов энергии, происходящих из рас-
щепления d г и d3 электронных конфигураций, как функции кулоновских взаимодействий, па-
раметров лигандных полей и угла деформации. 
BOND ANGLE DEPENDENT LIGAND FIELD MODEL FOR 
ELECTRONIC CONFIGURATIONS d2 AND d3, II 
Theoretical Study of the Rhomboidal Distortion of Tetrahedral Complexes 
By 
M. I, BÁN and M. RÉVÉSZ 
Institute of General and Physical Chemistry, Attila József University, Szeged 
(Received September 29, 1974) 
The energy matrices of the electronic states arising from the symmetry splitting of configu-
rations of c/2 and d3 systems in rhomboidally distorted tetrahedral strong ligand fields are given, 
in terms of Coulomb interaction and ligand field parameters and the angles of distortion. 
In previous papers the theoretical treatment of the tetragonally [1] and tri-
gonally [2] distorted tetrahedral cases has been presented on the basis of the 
bond angle dependent ligand field model. The present work deals with the states result-
ing from the electronic configurations d2 and d3, of greatest practical importance, 
in rhomboidally distorted tetrahedral strong ligand fields.1 The model adopted is ex-
pected to be useful for the interpretation of physico-chemical properties related 
with the electronic energies and their changes in four-coordinate tetra-
hedral transition metal complexes of MA2B2 composition, and square planar 
complexes of MA3B and MA2B2 compositions. When treating MA2B2 complexes,, 
it is obvious to start with the model of the tetragonally oriented tetrahedron [1]. 
In this case, the tetrahedron is arranged so that its centre coincides with the centre 
of a cube and the ligands in staggered position are located in the alternating corners 
of the cube. The orientation of the cube is so that the Z-axis of the coordinate system 
passes through the centres of its two parallel faces. Therefore, two identical A ligands-
(A1 and A2) lie above the XY-plane, each forming an angle aA with the positive 
direction of the Z-axis, and two identical B ligands (B1 and B2) are below the XY-
plane, each enclosing the angle aB with the + Z-axis.2 Except the cases RA = RB 
and = 54°44' (D2d), aA = n-aB = 54°44' (Td), <nA = n-aB = 0° (D 
aA = aB = 90° (D2h) the symmetry is always C2„. Using the coordinates of the 
ligand positions with respect to the central metal ion (Table I), the actual ligand 
field operator^ in rhomboidally distorted tetrahedral symmetry is 
1 For other configurations see ref. [3]. 
2 Without disregarding the possibilities of further generalizations, in this paper the following 
definitions are used: 0 ^ t x A s n / 2 and n l 2 s a B S n . 
3 In orientation 2 (see ref. [11]), the terms belonging to Vl and VI would not contain i as a 
multiplying factor and i sin 2<p would turn into cos 2<p while the last term consisting of V J 
would change its sign. 
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V(C2„) = eq{[(3 cos2 ctA - \)r2Á(r) + (3 cos2 aB - l)r2B(r)]P»(cos 9) + 
[(1 - cos2 xA)rf(r) - (1 - cos2 aB)r®(r)]jf|(cos £>) (e'21" - e2 '>)+ 
-1- j [(35 cos4 aA - 3 0 cos2 aA+ 3 )r f (r) + (35 cos4 aB - 30 cos2 aB + 3 ) r f (r)](cos 9) + 
+ [(1 ~ cos2 <xA) (7 cos2 - 1 )rf(r) - (1 - cos2 <xB) (7 cos2 aB - l)r4B(r)] • 
•Pl(cos 9) (e~2i,p — e2'v) — 
[ ( l -cos á a j l ) 2 r 4 ' 4 ( r ) + ( l - c o s a a B ) r 4 B ( r ) ] P | ( c o s S ) ( ^ + e-4 '>)}. (1) 
F o r aA = aB = 90°, the rhomboidal planar case will emerge then being the potential 
V(D2h) = eg j - P 2 ( c o s 3) [r*(r) + r2B(r)] + ji*(cos 3) + r?(r)] -
~MPi(cos 9 ) ( e 4 i "+ e " 4 , > ) + ^ ( O ] } , . (2) 
and for AA = AB = 54°44' and RA = RB (1) turns into the regular tetrahedral 
•expression (comp, with (2) in ref. [11]) and for RA = RB and A.A — AB = 90°, into 









Polar angle 19 
(from the +Z-axis) 
VK 
Azimuthal angle 
(from the + X-axis) 
MA2B2 A1 RA <*A Tt/4 
B1 Rb a B 3tt/4 
A2 Ra «A 5TT/4 
5 2 Rb <*B 7tt/4 
By applying (1), the single electron ligand field integrals are 
(d01 V(C2v) \d0) = 2D\{2) + 6£>4(2), 
(d±1\ V(C2v) |d±1) = D\(2) -4Z>°(2), 
(d±21 V(C2v) |d±2) = - 2D\(2) + D\(2), 
(d±11 V(C2v) | d ^ ) = + / [3-D| (2) + 4Z>| (2)], 
<rf±2| F(C2„) \dT2) = D\(2), 
(d±21 F(C2„) Ko> = + / / 6 [£¡(2)-/>1(2)], 
or taking into account the splitting 
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and the wave functions 
a\ = dz*, (5.1) 
at = dxy, (5.2) 
a2 = dx!_y»., (5.3) 
b, = ^='(dX!-dyz), (5.4) 
b2=—{dxz + dyz), (5.5) 
F2 
the energies4 of the real ¿/-orbitals are 
ial\V(C2v)\al) = 2Dl(2) + 6DU2), (6.1) 
(at\V(C2v)\af) = -2Dl(2)+Dl(2)-Di(2), (6.2) 
{a2\V{C2e)\a2) =-2D%{2) + Dl(2) + D\{2), ' , (6.3) 
< M n C 2 „ ) | f c 1 > - O i ( 2 ) - 4 ^ ( 2 ) - 3 D l ( 2 ) - 4 D i ( 2 ) , . (6.4) 
{¿2| V(C2v) |b2) = D\{2) — AD\(2) + 3Z>1 (2) + 4£)f(2), (6.5) 
« K ( C a „ ) K = - 2 ' ^ 3 [ D | ( 2 ) - Z ) J ( 2 ) ] . " . (6.6) 
In the formulas (3) and (6) the following notations5 have been used (for simplicity 
.R^ taken equal to RB): 
^ ( 2 ) = y 0 [ ( 3 c o s 2 a / 1 ^ l ) + (3cos 2a 1 ) - l ) ] JD 9 , (7.1) 
£>°(2) == -p- [(35 cos4 a.A - 3 0 cos2 aA + 3) + (35 cos4 aB-30 cos2 aB + 3)]Dq, {T.2) 
D\{2) = j6[{\-co? aA)-{\-co? aB)]Dq, (7.3) 
£>|(2) = [(1 - cos2 a j (7 cos2 aA- 1) - ( 1 - c o s 2 aB) (7 cos2 a B - \)]Dq (7.4) 
D\ (2) = — y [(1 — cos2 aA)2 + (1 — cos2 aB)2] Dq, • (7.5) 
where the meanings of q and Dq are as usual [1]. 
Following in every respect the procedure referred and sketched in our first 
paper [2], the energy matrices for the d2 configuration are: 
4 Throughout this paper the interaction between the states a\ and a\ has. been neglected. This 
has no serious effect on the energies, especially at angles close to that of the regular tetrahedron-
and q = 1. For a more precise treatment, the solutions of the one-electron energy matrix containing 
the off-diagonal elements (a||V(C2t,)|a5) should be used to calculate the matrix elements of multi-
electron states at given angles. 
5 The subscripts 2 and 4 of D refer to the degree /, the superscripts 0, 2 and 4 to the order 
m of the associated Legendre polynomial JT(cos fl) involved in the operator (1) and (2) refers 
to the (rhomboidal) symmetry. In the expressions (8) and (9) the latter are omitted. 
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| fa!) fa!) 
faDfaD | 1D\-D\ 
3A2 faöfas) fai)fa2) (¿.)(62) 
fa?)fa2) 12B-4f l ° + 2Z>S 0 6 5 
fal)fa2) 7DI + DÍ 0 
3B+.2ű»-8DS 
fa!) (öi) fa!) (61) fa2)fa2) 
fa?)(6i) 
3B-Dl~3Dl + 3D\ + 
+ 4 Ű 1 - O J 
3 / 3 5 - 3 5 
fa}) (61) 9 5 + 3Z)°+3.D
2 + 
+ 4D\ + 2D\ 
- 3 / 3 5 
fa2)(é2) 
— 4Z)f+ i}£ 
3B2 faf)(62) . fa!)(62) fa2)(6i) 
fa!)fa2) 3B-D%-3D%-3Dl~ 
-4DI-DI 
- 3 / 3 5 3 B 
faí)(W 9£ + 3ű» + 2£»3-
-3D\~4D\ 
- 3 / 3 5 
fa*) (6.) 3B-Dl-3D\ + 3D\ + 
+ 4D\ + D\ 
fa!)2 fa!)2 fa.)2 (6i)2 (ö2)2 fa!)faD 
fal)2 
1 2 5 + 3 C + 
+ 40» +12ÖÜ 4 - B + C 4 5 + C B+C B+C 0 -
fa2)2 
1 2 5 + 3 C -
- 4 0 ° + 2 D » - 2 D \ C 3B+C 3 B+C 0 
fa2)2 
1 2 5 + 3 C -
-4D% + 2Dl + 2D\ 3B+C 3 5 + C . 0 
(61)2 
. 125 + 3 C + 2 Ü » -
— 8Z>S + 6Z)| + 8Z)| 
3 B+C - / 6 5 
(62)2 
125+3C+2Z>° - -
fa!) faf) 8 5 + 2 C + , 
+ 1DI-D\ 
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M 2 ' (al)(o2) 
(a?) M 125+2C—42)°+ 22)2 0 0 
(¿Di«») 8 8 + 2C + 7Û2 + DÎ 2 / 3 5 
(« (6=) 9 5 + 2C+22)° -82)2 
(aî)(6i) (<J2)(62) 
(a\)(b\) 9 5 + 2C 2)° — 32)2 + 3D\ + 
+ 4D\-D\ 
IIb 3 5 
\\B+2C+lDl + 2Dl + 
+ 3D\ + 4D\ 
- / 3 5 
(fl2)(62) 9 5 + 2C—2>° —32>2 —32>| — 
' —4D\ + D\ 
\B2 (b'i) 
(a?)(W 
9 ß + 2 C - Z ) » - 3 D ° - 3 Z > 2 -
— 4Z>4 —Z)f 
- / 3 5 - 3 5 
(«ÎKW 1 1 5 + 2 C + 3 2 ) ° + 22)2-
— 32)| — 4D\ 
— / 3 5 
(AÙIBÙ 9 5 + 2C - 2)§ - 3 D\ + 3DI + 
+ 4DI + DI 
and for the D3 configuration: 
' M , K>(6i) (6 2 ) 
(fl2)(6i)(62) — 72)J + 2)J 
Ms (aï)(<i8(<i.) 
(ai)(a?)(a2) ZB~2D% + %D\ 0 - 6 5 
(alHbrXb,) — 1D\ — D\ 0 
(aî)(6i)(62) 1 2 5 + 42)»-22)° 
(ai)(a'i) (b,) (a\)(a2)(b2) ' (al)(a2)(b2) 
(«DiaöiW 3 5 + 2)° + 32)2+32)| + + 4DI-DÎ 
- 3 / 3 . 5 ' 3 5 
(«D ( « . ) ( « 9 5 - 32)° - 2D\ - 3D* - 4D\ - 3 / 3 5 
(a\)(a2)(b2) 
3 5 + 2)§ + 32)° - 3 2 ) § -
-4DÎ + DÎ 
as2 (a\)(a\)(b2) (aD(ö2)(6i) (a\)(aè(b l ) 
35+2)!> + 3 2 ) 2 - 3 2 ) | -
-4 Dl-Di 
- 3 / 3 2 * - 3 5 
9 5 - 32)" - 2D\ + 3D| + 42)1 3 / 3 5 
(ÛÎ) (a2) (6,) 
3B+DI + 3DI + 3DI + 
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Proceeding the way described previously, the energy matrices (8) and (9) can easily 
be transferred to the configurations ds and d". 
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МОДЕЛЬ УГЛОВОЙ ЗАВИСИМОСТИ ЛИГАНДНЫХ 
П О Л Е Й d2 И г/3 ЭЛЕКТРОННЫХ КОНФИГУРАЦИЙ, II 
Теоретическое рассмотрение ромбической деформации тетраэдрических комплексов 
М. И. Бай, М. Ревес 
Используя приближение сильного поля в ромбически деформированной тетраэдричес-
кой системе, рассчитали энергетические состояния матриксов энергии, происходящих из 
расщепления d2uda электронных конфигураций, как функции кулоновских взаимодействий, 
параметров лигандных полей и угла деформации. 

REDUCTION OF ORGANIC NITROGEN COMPOUNDS 
WITH IRON(II) HYDROXIDE, I 
The Factors Affecting the Reduction 
By 
Z. Cl. S Z A B Ó 
Institute of Inorganic and Analytical Chemistry, Eötvös Loránd University, Budapest 
and 
!.. G . BAR TI 1A 
Institute of Inorganic and Analytical Chemistry, Attila József University, Szeged 
(Received June ¡7, 1974) 
The authors summarize their earlier observations concerning the reduction of the nitrate 
ion, and on this basis find that with suitable experimental conditions iron(II) hydroxide is a con-
venient reagent for the quantitative reduction and determination of nitro and nitroso compounds 
and of nitric acid esters. Among the factors affecting the reduction, the condensation reaction of 
the nitroso and hydroxylamine derivatives deserves the most attention, because the azoxy derivative 
thus formed is not reduced quantitatively to the amine by iron(II) hydroxyde. Since the participation 
of this reaction in the reduction is the least in neutral medium, its effect can be avoided if somewhat 
less alkali than the equivalent is used for the precipitation of the iron(II) salt applied. In the same 
way, the order of mixing the reacting substances also exerts an effect. 
The reduction of organic compounds containing nitrogen-oxygen bonds is 
an intensively studied process in both organic and analytical chemical practice. For 
analytical purposes the most frequently used reductants are titanium(III) and 
chromium(II) salts, while iron(H) salts are more common in the case of organic 
nitrates: 
On the basis of our nitrate determination [1], elaborated earlier, iron(II) 
hydroxide appeared to be a suitable reductant for the reduction and determination 
of nitro and nitroso compounds and organic nitrates. 
Compared with the use of iron(II) salts in acidic medium, the analytical appli-
cations of iron(II) hydroxide are of secondary importance, without doubt because 
of its sensitivity towards aerial oxygen. However, it can be well employed when 
the reaction product formed as a result of the reduction can be measured after 
separation. Iron(II) hydroxide has been used successfully, among others, for the 
determination of the nitrite and nitrate ions by means of the distillation of the 
ammonia formed in the reduction [2, 3]. The reduction proceeds quantitatively 
only in strongly alkaline solution, after prolonged distillation, but the reaction 
can be catalysed by silver ions [4]. 
In the reaction, 8 moles of iron(II) hydroxide are consumed for the reduction 
of 1 mole of nitrate, and this equivalence ratio gave us the idea of elaborating a 
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redox determination which promised advantages in the multiplication procedures. 
In principle, two routes seemed suitable: to measure (/) the excess iron(II) salt, or 
(ii) the iron(III) salt formed. On the basis of the well-known iron(II) methods [5, 6], 
the measurement of the iron(II) salt excess was selected, and in accordance with 
the above principles, a permanganometric method was elaborated for the deter-
mination of nitrate [1]. 
In the course of our studies it turned out that, in addition to silver, copper ions 
catalyse the process, too [7]. The advantage of using copper is the fact that the 
catalysis is disturbed only by the presence of antimony salts, while the catalytic 
effect of silver is completely destroyed by numerous metal ions and several anions, 
even in amounts of a few tenths of a milligram [8]. 
In this connection, it is worth while mentioning that BARKER and YOLK [9] 
describe the presence of silver ions to be without effect on the iron(II) hydroxide 
reduction of nitrate. They criticize the method of VARNER et al. [10] who, on the basis 
of our studies, elaborated a procedure for. the determination of the nitrogen of 
ammonium, amide, nitrite and nitrate in the presence of each other. 
Their experiences with the considerable sensitivity of the silver catalysis can be 
understood and therefore in both of these works [9, 10] it would have been more 
favourable to use copper sulfate as catalyst. 
Although iron(II) hydroxide is extremely sensitive to aerial oxygen oxidation 
of the iron(II) ions, this effect can practically be eliminated by carrying out the 
operations under boiling. 
To establish the extent of aerial oxidation, four permanganate titrations were 
carried out on solutions of iron(II) sulfate to which 10 ml 30% sodium hydroxide had 
been added, the mixtures boiled for 
10 minutes and then acidified, and 
four were carried out by direct titrat-
ion. According to the results given in 
Table I, the consumption of the 
titrant is on average only. 0.12 ml 
lower in the case of the solution 
boiled with alkali. (In Table I, column 
I gives the volumes of 0.1 iV potas-
sium permanganate solution con-
sumed in the direct titration of the 
iron(II) sulfate solution, while column II gives the volume consumed in the titra-
tion of the solution which had been treated with alkali and boiled for 10 minutes.) 
By applying a blank test, this very small degree of oxidation causes a completely 
negligible error. 
In the determination of the organic substances, permanganometry or other 
oxidimetric methods could not be applied because of the presence of the amine 
formed in the reduction. At the same time, the measurement of the iron(III) salt 
produced by the use of a reducing titrant promised greater precision: in this case 
a difference of 0.01 ml in the added iron(Il) salt causes a difference of 0.05 ml in 
the consumption of 0.1 N titrant; the iron(II) sulfate applied consumes about 50 ml 
0.17V potassium permanganate. 
A solution of the very stable mercury(I) nitrate seemed most suitable as titrant. 






28.73 28.60 ' 
Mean value 28.73 ml Mean value 28.61 ml : 
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ions; more, recently it was proposed by B E L C H E R and W E S T [ 1 2 ] , and its use was-
extended by T A R A J A N [ 1 3 ] to the direct titration of other oxidants, too. In the pre-
sence of sufficient thiosulfate the reaction is stoichiometric, and because of the 
extremely stable nature of the titrant it is more suitable than all other reductants 
for the determination of iron(III) ions. 
For the preparation of a 0.05 N mercury(I) nitrate titrant solution, the de-
scriptions to be found in literature use nitric acid. The prepared solution must be 
freed from nitrogen oxides with a current of air, because otherwise nitrosyl thio-
cyanate is formed from the ammonium thiocyanate added to the solution to be titrated. 
The colour of ammonium thiocyanate is so similar to the red colour of the iron(III) 
thiocyanate that the detection of the end-point becomes practically impossible-
because of its constant re-formation [14]. In our experience, the formation of nitrosyl 
thiocyanate frequently occurs even if the solution has previously been boiled, whereas 
not even the slightest disturbing effect appears if the solution of mercury(I) nitrate-
is prepared with perchloric acid. 
The experiments for iron(II) hydroxide reduction of organic compounds were 
originally carried out as in the determination of nitrate. An iron(II) sulfate solution 
was measured into a boiling, alkaline solution of the organic compound, and after 
the reduction the acidified and cooled solution was titrated for iron(III) ions with 
a standard solution of mercury(I) nitrate. With this method, however, satisfactory 
results could not be obtained with the vast majority of the nitro and nitroso com-
pounds. When calculations were made on the basis of the reaction 
R—NOa + 6 Fe(OH)2 + 4 H 2 0 >- R—NH2 + 6 Fe(OH)3 
low results were very frequently obtained. From the similarly considerable dif-
ferences (5—20%) in the results obtained for a given sample, it could also be estab-
lished that the reaction does not take place in a clear-cut manner, even assuming: 
the transfer of a number of electrons different from that mentioned above. 
The results could be explained by a deviation from the Haber mechanism [15]:. 
R—NOa — - R—NO R—NHOH R—NH2 . 
H A B E R himself pointed out that under different experimental conditions a number 
of side-reactions may take place in the three-step reduction of nitrobenzene. The 
most important of these is the reaction between nitrosobenzene and phenylhydroxyl-
amine: 
R—NO + HONH—R • R — N = N — R + H 2 0 
' \ 
O 
The participation of this reaction in the overall process is quite significant, parti-
cularly in alkaline medium. 
B R A N D T and M A H R [ 1 6 ] studied the rate of the reaction between nitrosobenzene 
and phenylhydroxylamine and found the following relations with regard to the 
effect of the medium. If the reaction rate in neutral medium was taken as unity,! 
then in a medium of 0 . 0 0 5 M H C 1 , 0 . 0 1 M H C 1 , 0 . 0 0 2 5 M K O H or 0 . 0 0 5 M K O H , . 
the rate was found to be 2, 3, 200 and 300, respectively. 
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The investigations of HINSHELWOOD et al. [17] showed that the reaction between 
hydrazobenzene and phenylhydroxylamine plays an important role in the titanium(III) 
•chloride reduction of nitrobenzene and its derivatives, in spite of the fact that the 
direct reductions of these two compounds are fast processes. 
Thus, the reason of the failure of iron(II) hydroxide reduction of the nitro 
• compounds to give analytically useful results with the given procedure in the case 
of numerous compounds was that considerable amounts of azoxy compounds were' 
formed during the reaction, and the iron(H) hydroxide was not able to reduce 
these to amines. 
Considering the aboves, the subsequent experiments were carried out in such 
a way that the alkaline medium should have no effect on the side-reaction mentioned. 
For this purpose the addition of the iron(II) sulfate was now made to a boiling 
but neutral solution of the compound, and finally a solution containing an amount 
•of sodium hydroxide, almost equivalent to the iron(II) sulfate, was introduced into 
the mixture. With this method it was possible to attain or to approximate very well 
the six-electron reduction with the vast majority of the compounds studied. In 
most cases, however, even better results could be obtained by adding the reagents 
to each other in yet another sequence: adding first the iron(II) sulfate solution 
to the boiling solution of sodium hydroxide, and then the solution of the nitro 
compound to this reaction mixture. 
After working out the most suitable method, the reaction was also carried out 
in every case with the original sequence of adding the reagents. Although the data 
•so obtained were not of use from an analytical point of view, valuable conclusions 
-could be drawn with regard to the coiirse of the reduction, the extent of the 
participation of the side-reactions, and the transformations of certain compounds 
in the course of the reaction. 
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ВОССТАНОВЛЕНИЕ ОРГАНИЧЕСКИХ АЗОТСОДЕРЖАЩИХ 
СОЕДИНЕНИЙ ГИДРООКИСЬЮ ЖЕЛЕЗА(Н), I 
Факторы, влияющие на реакцию восстановления 
3. Г. Сабо, Л. Г. Барта 
Авторы подводят итоги ранее полученным данным, относящимся к восстановлению 
нитрат-иона, и на основании этого показывают, что при соответствующих эксперименталь-
ных условиях гидроокись железа(П) является подходящим реагентом для количественного 
восстановления и определения нитро- и нитрозосоединений и эфиров азотной кислоты. 
Среди факторов, влияющих на реакцию восстановления, заслуживает наибольшее внимание 
реакция конденсации нитрозо- и гидроси-аминопроизводных потому, что образовавшееся 
производное азоксисоединения, под влиянием гидроокиси железа(Н) не восстанавливается 
количественно. Вследствие того, что участие этой реакции в восстановлении наименьшее 
в нейтральной среде, её влияние может быть устранено при применении меньших количеств 
щелочи, чем необходимо для осаждения соли железа(П). К аналогичному результату при-
водит и соответствующий порядок введения реагентов. 

REDUCTION OF ORGANIC NITROGEN COMPOUNDS 
WITH IRON(II) HYDROXIDE, II 
Determination of Nitro and Nitroso Compounds 
By 
L. G. BARTHA 
Institute of Inorganic and Analytical Chemistry, Attila József University, Szeged, Hungary 
(Received 17 June, 1974) 
A simple and rapid method was elaborated for the determination of nitro and nitroso com-
pounds on the basis of their reduction with iron(II) hydroxide. The procedure is essentially as follows: 
addition of a measured amount of excess iron(II) salt and alkali, then after the reduction and the 
acidification of the mixture, mercurometric determination of the iron(III) salt formed. The reaction 
takes place at the boiling point, and so the aerial oxidation of the iron(II) hydroxide can be avoided. 
The nitroso derivatives formed in the reduction of compounds containing hydroxy or amino 
groups as ortho or para substituents (and in the case of a nitroso compound the starting compound 
itself) tautomerize, and the quinone-type compounds thus formed are extremely volatile with water 
vapour. Some of these compounds cannot be determined with the accuracy required. The method 
can be used for the sucessful analysis of numerous compounds which cannot be determined by 
other methods, or only in a complicated way (tetryl, N-nitroso compounds, nitro derivatives of 
Phenylhydrazine). The hydrazine group, too, takes part in the reduction of the nitro derivatives 
of Phenylhydrazine: the N—N bond is reductively split. Similarly, reductive de-amination also 
occurs in the reduction of N-nitrosodiphenylamine. 
Determination of the nitrogen-containing functional groups of nitro and 
nitroso compounds is most frequently achieved by quantitative reduction. Of the 
numerous procedures known, the reduction with titanium(lll) salts is by far the 
most frequent . The determination was first described by KNECHT and HIBBERT [1], 
and, in spite of modifications suggested by other authors, the original procedure 
is the most commonly used [2, 3]. The tin(II) chloride method was the first of the 
reductometric methods [4]. Numerous modifications have been made to this method, 
too, and a procedure which leads to satisfactory results was recently described by 
TIWARI and SHARMA [5]. Much more vigorous conditions are required for quanti tat ive 
reduction than with titanium(III) chloride: the mixture must be boiled for P/g hours. 
With chromium(II) salts the reduction proceeds rapidly even at room temperature, 
and thus in certain cases the determination can be carried out by direct titration [6]; 
nevertheless, it is generally more suitable to apply a back-titration method also in 
this case [7, 8]. Vanadium(II) and molybdenum(III) salts ([9, 10] and [11], respec-
tively) have also been used as reductometric titrants. Gravimetric procedures based 
on the back-measurement of metallic tin [12] or copper [13] used for the reduction 
are known, too. The latter methods are very tedious, while the disadvantage of the 
reductometric procedures is the extreme sensitivity of the titrant to the oxygen 
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of the air. The storage of the solution and operations of the determination can only 
take place in a special apparatus, in a neutral gaseous atmosphere. 
The iron(II) hydroxide reduction of nitro and nitroso compounds is frequently 
used in organic chemical practice, but no reference can be found to its analytical 
application. According to literature data, the condensation reaction between nitroso-
benzene and phenylhydroxylamine or their derivatives occurs only rarely during 
iron(II) hydroxide reductions [14], and thus it seemed reasonable to make use of the 
reduction from an analytical point of view. The considerable sensitivity of iron(II) 
hydroxide towards aerial oxygen appears disadvantageous. However, as all operations 
during the reduction must be carried out with boiling, aerial oxidation of the iron(II) 
hydroxide cannot lead to a significant error. 
Experimental 
Reagents 
15% iron(II) sulfate (FeS04 .7H20) solution, containing 40 ml concentrated 
sulfuric acid per litre; 10% sodium hydroxide solution; 30% sulfuric acid solution; 
0.05 N mercury(l) nitrate titrant solution (15 g Hga(N03)2.2 H ? 0 dissolved in 1 litre 
of 0.6 N perchloric acid); 40% ammonium thiocyanate solution. 
The majority of the organic compounds examined were FLUKA or BDH pro-
ducts; they were used for the analyses without further purification, in alcoholic 
or aqueous solutions. 
Procedure of the determination 
100—110 ml water and 10 ml sodium hydroxide solution were added to a 250 ml 
flask equipped with a ground-glass neck. The solution was boiled for 4—5 minutes, 
and 10 ml iron(II) sulfate solution was then pipetted in at a rate that the boiling 
did not cease. A short reflux condenser was next fitted to the flask, and a solution 
containing 5—15 mg of the organic substance was pipetted dropwise into the flask 
through the condenser. The reduction took place already during the addition of the 
substance to be measured. Then 20 ml sulfuric acid was immediately added drop-
wise to the flask, and as a result the precipitate of Fe304 dissolved. After adding 
10 ml of ammonium thiocyanate to the cooled solution, it was titrated with the 
0.05 N mercury(I) nitrate titrant solution. As the colour of the solution began to 
fade, the titrant was added more slowly, dropwise, under continuous stirring, until 
the solution had completely lost its colour. A blank determination was made, and 
the result was calculated from the difference between the two titrations. The equi-
valent weights were for the nitro compound 1/6, and for the nitroso derivative 1/4 
of the molecular weight, calculated for 1 functional group. 
To ¿establish the role of the condensation reaction and to determine the extent 
of its effect, experiments were also carried out with the substance to be determined 
already in the alkaline reaction mixture at the beginning of the procedure. The iron(II) 
sulfate was then added through the condenser to the boiling mixture, as the final 
component. 
Standardization of the mercury(l) nitrate titrant can be achieved with either 
(a) potassium dichromate (by means of iron(II) sulfate) [15] or (b) with potassium 
iodate [16]. 
s» 
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(a) Approximately two-fold excess of iron(II) sulfate solution is added to 
20.0 ml potassium dichromate solution, and the iron(lll) ions formed are titrated 
with the titrant in the presence of ammonium thiocyanate. 
(,b) 20 ml 0.05 N potassium iodate solution is acidified with 5 ml 4 A' perchloric 
acid, 5 ml of 10% potassium iodide is added, and the solution is thoroughly mixed. 
After addition of 10 ml ammonium thiocyanate, the solution is diluted to about 
60 ml, and the iodine titrated with the titrant up to the appearance of a pale yellow 
colour. The titration is completed in the presence of starch solution. In the vicinity 
of the end point the titrant is added dropwise, with an interval of about 20—25 
seconds between each drop. 
The iron(II) sulfate is present in about 2.5-fold excess. About 0.3 g FeS04 .7 HaO, 
equivalent to 20 ml 0.05 N mercury(I) nitrate was necessary for the stoichiometric 
reduction of the nitro compound. Since the iron(III) hydroxide produced reacted 
with the excess iron(II) hydroxide to form iron(II) iron(III) oxide according to the 
equation: 
Fe(OH)2 + 2 Fe(OH)3 = Fe304 • 4 HaO, 
3 mole of iron(II) hydroxide were consumed; further, since the iron(Il) oxide content 
of the iron(II) iron(lll) oxide fluctuates considerably [17], about twice the stoichio-
metrically calculated iron(II) sulfate had to be used. In fact, two and a half times 
the amount thus calculated was employed for the determination. 
Suitable boiling stones were necessary in the boiling of the precipitate mixture. 
Pieces of sinter-glass of medium porosity were used for this purpose. 
Experimental results and discussion 
The data given in the Tables I and II are marked by A and B, according to the 
two methods applied. In the case of both methods the number of measurements 
varied between 9 and 12 (Tables I and II). 
It can be seen from the Tables that in some cases the reduction with method 
A and with method B took place in a different way. To interpret the results, we set 
out from the fact that under optimum experimental conditions (method A) the re-
duction of the overwhelming majority of the nitro and nitroso compounds proceeded 
quantitatively according to the reaction scheme: 
R—NOa • R—NO — R—NHOH • R—NH 2 (1) 
However, in cases in which a smaller or larger negative error was found in the results 
of the determination, it was assumed that a condensation reaction of the nitroso 
and hydroxylamine derivatives took place, the products of which could not be re-
duced quantitatively by iron(II) hydroxide to the amine, according to the scheme: 
R—NO + HON H—R • R — N = N — R • R — N = N — R • 
I 
O 
• R—NH—NH—R • R—NH 2 (2) 
However, if the results obtained with the two methods are subjected to a closer 
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Table I 
Relative 
Average relative error, standard 
deviation 
Compound % % 
A B A 
Nitrobenzene - 1 . 2 - 4 . 5 0.4 
o-Nitroaniline - 4 . 7 - 1 2 0.8 
p-Nitroaniline - 1 . 0 - 5 . 2 0.3 
/n-Nitroaniline - 1 . 8 - 2 . 5 0.5 
o-Nitrophenol - 2 . 2 - 6 . 8 0.5 
p-Nitrophenol - 1 . 2 -4 .1 0.4 
nj-Nitrophenol - 1 . 3 - 2 . 4 0.4 
o-Nitrobenzoic acid - 1 . 1 - 1 . 5 0.4 
p-Nitrobenzoic acid - 1 . 3 - 1 . 5 , 0.3 
o-Nitrotoluene - 1 . 0 - 1 . 4 0.3 
o-Nitrobenzenesulfonic acid - 1 . 6 - 1 . 8 0.4 
p-Nitrobenzaldehyde - 2 . 2 - 2 . 4 0.4 
m-Nitrobenzaldehyde - 2 . 3 - 2 . 6 0.3 
»i-Nitroacetophenone - 2 . 0 - 2 . 4 0.4 
o-Nitrobenzaldehyde hydrazone - 2 . 4 - 2 . 5 0.3 
/ij-Nitrobenzaldehyde hydrazone - 2 . 2 - 2 . 3 0.4 
p-Nitrophenylhydrazinel - 1 . 2 - 1 . 5 0.3 
3-Nitrophthalic anhydride - 2 . 6 - 3 . 2 3.2 
2-Chloro-4-nitroaniline -2 .1 - 2 . 3 0.4 
2-Chloro-4-nitrobenzoic acid - 1 . 8 - 2 . 0 0.4 
/»-Nitrobenzoyl chloride - 1 . 8 - 2 . 2 0.4 
2-Nitrophenol-4-arsonic acid - 2 . 3 - 2 . 5 0.5 
2-Hydroxy-5-nitropyridine - 1 . 6 - 2 . 0 0.4 
2,4-Dinitrobenzoic acid - 1 . 3 - 2 . 3 0.5 
/n-Dinitrobenzene - 2 . 6 - 2 0 0.6 
2,4-Dinitrophenol - 1 . 9 - 6 . 3 0.5 
2,4-Dinitrophenylhydrazine8 -2 .1 - 1 0 0.5 
1,6-Dinitro-2-naphthol - 2 8 - 3 7 
3,5-Dinitrobenzoyl chloride - 2 . 0 - 3 . 1 . 0.5 
1,3,5-Trinitrobenzene - 2 . 4 - 4 5 0.6 
Picric acid - 2 . 2 - 2 5 0.5 
Tetryl (nitramine) - 2 . 1 - 1 2 0.5 
1 The reduction takes place with the uptake of 8 electrons. 
8 The reduction takes place with the uptake of 14 electrons. 
study, it becomes obvious that the differences cannot be explained in every case 
by the occurrence of the condensation reaction. It is striking for example that of 
the first seven compounds in Table I the two ortho and the two para derivatives give 
low results with method B, whereas the meta derivatives of the same compounds 
are reduced quantitatively with this method. 
These results are all the more surprising as in the case of other reducing systems 
these compounds behave in just the opposite manner [18]; thus, ortho- and para-
nitroaniline and the corresponding nitrophenols are reduced according to scheme (1) 
even in strongly basic medium, while the "bimolecular" steps develop according 
to scheme (2j only in the reduction of the meta derivatives. As an explanation, it 
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Table II 
Compound 






A A B 
Nitrosobenzene - 3 . 5 - 1 5 0.8 
p-Nitroso-NjN-dimethylaniline - 1 . 2 . - 4 . 5 0.4 
p-Nitroso-triphenylamine - 1 . 4 - 4 . 4 0.4 
p-Chloronitrosobenzene - 2 . 0 . - 5 . 2 0.5 
8-Hydroxy-5-nitrosoquinoline . - 3 . 6 - 8 0.6 
3,4-Dichloronitrosobenzene - 2 . 2 • - 5 . 6 0.4 
1-Nitroso-2-naphthol - 7 0 - 8 5 
Nitroso-R salt - 2 0 - 3 0 
N-Nitrosodiphenylamine1 - 1 . 6 ' - 2 . 5 0.3 
N-Nitrosocarbazole V It 
- 2 . 2 - 2 . 8 0.4 
1 The reduction takes place with uptake of 6 electrons 
was assumed that in the cases of the ortho and para derivatives the nitroso compound 
formed reacts further in tautomeric form, as quinone imine monoxime or quinone 
monoxime: 
NO NOH NO NOH 
NH2 NH OH O 
NO NOH NO NOH 
The compounds of quinoid character formed are easily reduced to amines. 
The meta derivatives, however, are not able to develop a quinoidal structure, so 
the hidroxylamine derivative can take part in a condensation reaction with the still 
unchanged nitroso compound, under formation of an azoxy compound. 
We have explained the iron(II) hydroxide reduction of the above compounds 
on the basis of the transformations of this tautomer. Under the experimental con-
ditions employed, the iron(II) hydroxide reduction of the quinone oximes formed 
tautomerically does not proceed quantitatively, because this process is much slower 
than the reduction of the nitroso derivative, and in addition the quinones are ex-
tremely volatile in water vapour and so, part of the compound is to be found in the 
vapour phase where it is not reduced. At . the same time, this tautomerism cannot 
develop in the case of the meta derivatives, and the quantitative reduction of these 
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compounds is in accordance with our experience that with such a method no condens-
ation reaction occurs in the iron(II) hydroxide reduction [14]. 
Among the compounds studied, we find many others containing hydroxy or 
amino groups in ortho or para positions which behave in a similar way. The question 
is important, because the effect of the tautomerism mentioned is also found for 
certain compounds in the experiments using the method A. This effect is particularly 
marked in the cases of the nitro and nitrosonaphthols. The reductions of 1-nitroso-
2-naphthol and nitroso-R salt provide an interesting comparison (Table II). The 
former gives much lower results, and the difference can be brought into good relation 
with the presumably considerable difference in volatilities of the quinones formed 
from the tautomers. 
In addition to the substances capable of reacting as tautomers, also the behaviour 
of the polynitro compounds deserves attention. These compounds are not reduced 
quantitatively with method B. The explanation of this fact is undoubtedly the succes-
sive reduction of the nitro groups, from which a possibility for the formation of the 
"bimolecular" condensation products resu*£. 
In the same way it is possible to explain our experimental observation that 
with the compounds not reduced quantitatively with 6 electrons, the results obtained 
with the method B are the lower the greater the amount of substance taken (Table III). 
This tendency can be clearly discerned with some of the compounds even in the 
results of the trials with method A, and therefore it seemed advisable, primarily 
in the case of the. polynitro com-
Table III pounds, to carry out the measure-
ments with smaller amounts of the 
compounds, most suitably with 
0.2—0.4 millimoles; . 
A similar phenomenon is also 
found in connection with polarog-
raphic reductions. For example, in 
a study of nitrobenzene two steps 
can be observed. The second of 
these corresponds, to the conversion 
of phenylhydroxylamine to aniline. 
In alkaline medium this step gradu-
ally stretches out, and its height is 
no longer proportional to the con-
centration. From this, it was concluded by STOCESOVA [19] that, in addition to the 
direct reduction, also dimerisation occurs, the product of which cannot be reduced 
quantitatively to aniline. This process is the more pronounced the more con-
centrated is the nitrobenzene solution to be polarographed. 
This interpretation differs from that for the reductions taking place in alkaline 
medium according to scheme (2) only in so far as here the condensation reaction 
of the nitroso and hydroxylamine derivatives is assumed as the starting point of 
the scheme. The result is, however, the same: the- reduction by this route leads to 
reaction products which are not quantitatively reduced by every reducing agent 
to the amine; for example, with iron(II) hydroxide the system does not attain the 
amine derivative by. this means. 
At the same time, with method A the majority of the compounds are reduced 
Compound Amount taken 
Average relative^error, % 






- 1 . 5 
- 1 . 8 , 
- 2 . 6 
: - 4 . 7 
- 6 . 4 
- 7 . 8 






- 1 . 5 
- 2 . 2 
- 3 . 1 
- 1 6 
- 1 9 
- 2 5 
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quantitatively according to scheme (1). Here, in contrast with method B, the combined 
effect of the following three factors can be established from a consideration of the 
results. . 
(/) The rate of the condensation reaction is much lower in neutral medium 
than in alkaline medium [20]. 
(//) Because of the dropwise addition in the case of procedure A, the con-
centration of the organic compound is extremely small during the entire reaction. 
(Щ) In neutral medium the reducing power of iron(II) hydroxide is substantially 
higher than in the presence of excess alkali. This was demonstrated in our earlier 
studies in connection with the reducibility of the nitrate ion [21]. The most active 
precipitate is formed between about pH 6 and pH 8. As is evident from the results,, 
the formation of the bimolecular products can be successfully avoided with method A 
in all cases. 
With certain compounds, the reduction of the nitro group also initiates the 
reduction of other groups in the molecu'^. In the iron(II) hydroxide reduction of 
p-nitrophenylhydrazine the hydrazine group is reduced by bond splitting: 
02N—CeH4—NH—NH2 + 86 + 8 H • H2N—C6H4 - N H , + NH3 
The N—N bond similarly splits in the case of 2,4-dinitrophenylhydrazine, too. 
A similar reductive bond splitting in the case of titanium(III) chloride reductions 
was first reported by R O B I N S O N [ 2 2 ] , likewise in connection with /»-nitrophenyl-
hydrazine, and his studies were later confirmed by Z IMMERMANN and LIEBER [ 2 3 ] . 
These authors also attempted the titanium(III) chloride determination of the nitro 
derivatives of phenyl hydrazine, but the determination was not accurate: the 
consumption of titrant only approached the 8 equivalents, and in the case of 
the dinitro derivative the 14 equivalents. The iron(II) hydroxide reduction proceds 
quantitatively in the case of both compounds. 
Phenylhydrazine itself does not react with iron(II) hydroxide, and thus it seems 
that the reduction accompanying the bond splitting in the hydrazine group is induced 
by the reduction of the nitro group. 
The iron(II) hydroxide reduction of N-nitrosodiphenylamine is similarly 
accompanied by splitting of the N—N bond: 
+ 6 H + 6e 
There are no data in the literature on the titanium(III) chloride reductions of 
this latter compound and of N-nitrosocarbazole. Moreover, no generally applicable 
analytical procedure for the determination of N-nitroso compounds is known [24]-
Namely, these compounds are converted to amines on the action of acids: 
R 2 N - N O R2NH + HNO2. 
Because of the decomposition of the nitrous acid formed, this transformation makes 
the determination in acidic medium completely hopeless. 
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There is a further compound in Table I which could not be successfully reduced 
with titanium(III) chloride: tetryl (2,4,6-trinitrophenylmethylnitramine). Its deter-
mination with iron(II) hydroxide gives good results. 
As can be seen from the data in the Table, the determination is of sufficient 
accuracy in most cases. The accuracy of the determinations of some compounds 
is affected by the tautomerism of the nitroso derivatives, and therefore the method 
cannot be used in the case of the nitro and nitroso derivatives of naphthol. 
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and advice in connection with this work, to Drs. L . M A R O S and G . VASTAGH for 
valuable discussions. 
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ВОССТАНОВЛЕНИЕ ОРГАНИЧЕСКИХ АЗОТСОДЕРЖАЩИХ 
СОЕДИНЕНИЙ ГИДРООКИСЬЮ ЖЕЛЕЗА(П), II 
Определение нитро- и нитрозосоединений 
Л. Г. Барта 
Разработан простой и быстрый метод для определения нитро- и нитрозосоединений 
на основании их восстановления гидроокисью железа(П). Существо метода заключается 
в добавлении избыточных количеств соли железа(П) и щелочи,- затем после восстановления и 
подкисления раствора, в меркурометрическом определении образовавшейся соли железа(П1). 
Реакция проходит при температуре кипения и, таким образом, можно избежать окис-
ление кислородом воздуха гидроокиси железа(1Г). 
Нитрозопроизводные, образующиеся при восстановлении соединений содержащих 
гидроксильную или аминную группу в орто- или пара-положении (а в случае нитрозосоеди-
нения непосредственно исходное вещество),, таутомеризуются и образовавшиеся соединения 
хинонного типа легко улетучиваются с парами воды. Некоторые вещества такого типа не 
могут быть определены с требуемой точностью. Используя описанный метод, удалось осу-
ществить анализ ряда соединений, которые дрз«тши методами не могут быть определены 
или определяются весьма сложно (фенил-гидразин нитропроизводные тетрил—N—нитро-
зосоединения). Гидразинная группа принимает участие в восстановлении нитро-производных 
фенилгидразина: связь N—N реактивно разрывается. Аналогично происходит редуктивное 
отщепление амина при восстановлений N-нитрозо-дифениламина. 

REDUCTION OF ORGANIC NITROGEN COMPOUNDS 
WITH IRON(II) HYDROXIDE, III 
Microdetermination of Organic Nitrates with Silver Catalysis 
By 
L. G. BARTHA 
Institute of Inorganic and Analytical Chemistry, Attila Jozsef University, Szeged 
(Received 17 June, 1974) 
The esters of nitric acid can be quantitatively reduced by iron(II) hydroxide in the presence of 
diamminesilver sulfate as catalyst, and the iron(III) salt formed in thé reaction can be determined 
by titration with mercury® nitrate. The author investigated the reduction of nitroglycerine and 
erythritol tetranitrate. 8 moles of iron(II) are consumed per nitrate group in the reduction, and this 
favourable equivalent weight relation .provides a possibility for the simple determination of micro 
and even ultramicro amounts. 
Among organic compounds containing N—O bonds, the esters of nitric acid 
occupy a special place from the analytical point of view. The methods treated in. 
the case of nitro compounds are either unsuitable or cannot be used directly for 
their determination. 
The reduction of organic nitrates with titanium(III) salts does not take place 
in a clear-cut way: in part nitrogen monoxide, and in part an ammonium salt is 
obtained. According to some authors [1] 7.5 moles of titanium(III) are consumed 
per nitrate group, but according to other authors [2—4] this value is 6 moles. Re-
duction with iron(II) sulfate is most frequently used [5—8], but in this procedure 
(and in the titanometric method, too), the aerial oxidation of the nitrogen monoxide 
formed give rise to considerable error. (For example, as suggested by LEITHE [9], 
the neck of the flask has to be heated with another gas-burner while boiling the 
solution, in order to prevent the nitrogen monoxide from returning.) The 
so-called "transnitration" method, whether carried out on the basis of the 
Kjeldahl determination of the nitrosalicylic acid formed [10, .11] or on the basis 
of titanometric titration [12], is fairly lengthy. Colorimetric procedures and the 
so-called nitrometric procedure can be of service in routine analysis, but they do 
not give results of sufficient accuracy. 
Data on the iron(II) hydroxide reduction of organic nitrates cannot be found 
in the literature. On the basis of our earlier nitrate determination [13], it could be 
expected that iroh(II) hydroxide would also reduce organic nitrates, and it seemed 
probable that silver would catalyse the process. 
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Experimental 
Reagents were as in the previous paper [14], while a solution of diamminesilver 
sulfate was used as catalyst. This was prepared as follows. A concentrated solution 
of 5 g p.a. silver nitrate was poured into 8—10 ml boiling dilute sulfuric acid, and 
the silver sulfate precipitated was washed 4—5 times by decantation with cold water. 
An approximately semisaturated solution was prepared from the silver sulfate 
by shaking it for A—5 minutes with water, and to 4 volumes of this solution 1 vol-
ume of ca. 15 % ammonia solution was added and stored in a dark bottle. 
Alcoholic solutions of nitroglycerine and erythritol tetranitrate were used in 
the investigations. 
The procedure was as described for nitro and nitroso compounds [14] (method A) 
with the difference that before the addition of the iron(II) sulfate 5 ml of diam-
minesilver sulfate solution was added to the boiling mixture. In the reaction 8 moles 
of iron(II) hydroxide are consumed per nitrate group. 
Experimental results 
The first experiments were carried out with nitroglycerine without a catalyst, 
and as can be seen from the data in Table I, and even in this case a reaction/of con-
siderable degree took place. The degree of the reduction was affected to a great 
extent by the rate of dripping-in of the solution. (The nitroglycerine solution was 
placed in a tap-funnel, diluted to 2—3 times its volume, and dripped through the 







0.05 N Hg 2 (N0 3 ) 2 
consumed, 
ml . 
Extent of reduction, 
% 
2.01 3 3.20 75.3 10 3.65 85:9 
3 6.27 74.0 
4.01 10 6.85 80.8 
30 7.72 91.1 
3 13.20 ' 62.4 
10.03 10 16.40 77.6 
40 19.14 90.6 
From this course of the reduction, the effectiveness of the silver catalysis could 
be expected. In fact, in the presence of diamminesilver sulfate a rapid reaction 
occurred. After adding the solution by pipette in just countable drops, the mixture 
can be immediately treated with acid. As can be seen from the data in Table II, 
the error of the determination is within 1 %. 
The nitroglycerine was reacted with the iron(II) hydroxide also by adding the 
iron(II) salt to the boiling alkaline solution. Approximately 6 equivalents of the 
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Table II 
Compound Amount added, 
0.05AfHg2(N03)2 
consumed, Amount found, ' ' Relative error, 
mg ml mg % 
Nitroglycerine 1.61 3.39 1.60 - 0 . 4 
3.38 1.60 - 0 . 7 
3,37 1.59 - 1 . 0 
2.01 4.23 : 2.00 - 0 . 4 
4.22 2.00 - 0 . 7 
4.20 1.99 - 1 . 1 
4.01 8.46 4.00 - 0 . 2 
8.43 3.99 - 0 . 5 
8.42 3.98 - 0 . 7 
8.03 16.90 8.00 - 0 . 4 
16.88 7.99 - 0 . 5 
16.86 7.98 - 0 . 7 
Erythritol tetranitrate 1.523 3.21 1.515 - 0 . 5 
t • 3.20 1.511 - 0 . 8 . 
3.18 1.501 — 1.4 
3.047 6.41 3.026 - 0 . 7 
6.38 3.012 - 1 . 1 
, 6.37 3.Ö07 - 1 : 3 
5.332 11.26 5.316 - 0 . 3 
11.22 5.297 - 0 . 7 
11.20 5.287 - 0 . 8 
8.379 17.70 8.355 - 0 . 3 
17.64 8.327 - 0 . 6 
17.63 8.322 ' - 0 . 7 
iron(II) salt per nitrate group were then consumed in the reaction. Under such con-
ditions, a complex hydrolysis of the nitroglycerine, unelucidated so far in its details 
[15, 16], could take place before the reduction, and it was the hydrolysis products 
which were reduced. Such an interpretation of the reaction is also supported by 
the fact that, both in the presence and in the absence of the silver, identical results 
were obtained. 
The end-point detection of the mercurometric titrations was satisfactorily 
precise [17], and therefore the method permits the measurement even of ultramicrO' 
amounts, too. 
• * * 
The author wishes to express his thanks to Prof. Z. G. SZABÓ for his interest 
in this work and for his useful advice. 
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ВОССТАНОВЛЕНИЕ ОРГАНИЧЕСКИХ АЗОТСОДЕРЖАЩИХ 
СОЕДИНЕНИЙ ГИДРООКИСИ) ЖЕЛЕЗА(П), П1 
Микроанализ органических нитратов с помощью соединений серебра 
Л. Г. Барта 
Эфиры азотной кислоты могут быть количественно восстановлены гидроокисью желе-
•за(11) в присутствии диамин-сульфата серебра в качестве катализатора и образовавшаяся 
в результате реакции соль трёхвалентного железа определяется меркурометрическим 
титрованием. Автор изучал восстановление нитроглицерина и эритрол тетранитрата. 
Для восстановления одной нитро-группы расходуется 8 молей соли двухвалентного железа 
и в результате такого выгодного соотношения представляется возможность просто опре-
делить микро- и ультрамикро количества нитросоединений. 
ИССЛЕДОВАНИЕ СТРУКТУРЫ И РЕОЛОГИЧЕСКИХ СВОЙСТВ 
МНОГОКОМПОНЕНТНЫХ ЭМУЛЬСИОННЫХ СИСТЕМ, ш 
Структурообразование и реологические свойства 
гидратированных кальциевых мыл в эмульсиях вода—масло41 
И. АНДОР 
Институт общей и физической химии университета им. Аттилы Йожефа, Сегед 
С. В. ФЕЛЬДМАН 
Кафедра физико-химии полимеров университета им. И. И. Мечникова, Одесса 
БАЛАШИНЕ-А. БЕНЮШ 
Центральный исследовательский институт химии, АН ВНР, Будапешт 
(Поступило в редакцию 20 сентября 1974 г.) 
Исследовано влияние концентрации гидратированных кальциевых мыл и воды на ста-
бильность" и механические свойства трехфазных систем. Показана независимость реологи-
ческих параметров от содержания воды в пределах 5—25 об. %-ов в присутствии пальмитата 
кальция. Даны эмпирические уравнения зависимости Бингамовского предельного напряже-
ния сдвига и пластической вязкости в системе лаурат кальция—вода—ксилол. Указаны 
возможности управления механическими свойствами исследуемых систем. 
Во многих красках, пластических смазках и в нефтедобывающей промыш-
ленности широко применяются различного рода суспензии относительно 
высоких концентраций. Применение последних требует обеспечения необходи-
мой стабильности и реологических свойств дисперсий, соответствующих тре-
бованиям их конкретного применения. Для суспензий в маслах для обеспечения 
вышеупомянутых требований наиболее перспективным оказалось применение 
гидратированных металлических мыл в качестве стабилизаторов и регуляторов 
механических свойств суспензий [1]. 
Применение промывочных растворов, созданных на базе сложных эмуль-
сионно — суспензионных систем в нефтедобывающей промышленности, обра-
тило внимание на новые возможности регулирования механических свойств 
концентрированных суспензий [2]. В литературе имеется очень мало сведений 
о стабилизации и реологических свойствах систем состава металлическое мыло 
—масло—вода, в которых вода содержалась бы в количествах значительно 
превышающих необходимое для гидратации мыла [3]. 
Системы металлическое мыло—масло—вода могут быть широко и ус-
пешно использованы в лако-красочной промышленности, так как могут 
служить основой красок, содержащих высокие концентрации пигментов, об-
* Материалы доклада на X. Симпозиуме по колористике в Эгере, в октябре 1973 г. 
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ладающих высокой стабильностью и тиксотропными свойствами необходи-
мыми при их использовании. 
В серии наших работ [4, 5] мы стремимся к выяснению основных законо-
мерностей структурообразования и механических свойств эмульсионных сис-
тем вода—масло, загущенных гидратированными кальциевыми солями жир-
ных кислот. Задачи данной работы заключались в определении влияния 
концентрации металлического мыла и воды на стабильность и реологические 
параметры модельной системы кальциевое мыло—вода—ксилол, а также 
в предварительном выяснении значения природы -масляной фазы на1 свойства 
системы. 
Экспериментальные результаты 
Методика проведения опытов подробно описана нами ранее в работе [4], 
а механические условия приготовления и измерений осуществлялись аналогич-
но работы [5]. Применяемые в работе жирные кислоты были'производства 
фирмы Флука марки «рипвв», другие реактивы производства Рэанал «а. к.» 
степени чистоты. 
Влияние концентрации металлического мыла на агрегативную и кинети-
ческую устойчивость системы лаурат кальция (СаЬг2)—вода—ксилол изучали 
в присутствии 20 об. %-ов воды при 40 мл общего объема. На рис. 1 представ-
лены данные кинетики макрофазного выделения ксилола при низких концент-
рациях мыла, когда в системах еще не образовывались сплошные пространст-
венные структуры. Из этих эмульсий вода немедленно выделялась в сплошную 
фазу после прекращения перемешивания. Объем выделяющейся воды некослько 
уменьшался с повышением концент-
рации СаЬг2. 
С увеличением концентрации ме-
таллического мыла, при принятиых 
нами механических условиях приго-
товления систем, уже при концентра-
ции СаЬгг равной 40 г - л - 1 были по-
лучены достаточно стабильные систе-
мы, в которых в течение 24 часов не 
обнаруживалось макроскопическое 
отделение ни одной из составляющих 
фаз. Реологические кривые течения 
систем, приготовленных с разными 
концентрациями СаЬг2, представле-
ны на рис. 2. Характер кривых соот-
ветствует реологическому поведению 
обобщенных Бингамовских тел. Оп-
ределенные обычным способом Бин-
гамовские предельные напряжения 
сдвига (тв) и рассчитанные величины 
_ , „ п л а с т и ч е с к и х в я з к о с т е й (и) д л я сис -
Рис. 1. Кинетика выделения ксилола при „ 
разных концентрациях Са£г2 (г-л-1): т е м с Р а з л и ч н о й к о н ц е н т р а ц и е й 
1 — 8,7; 2 —17,5; 3 — 26,2 СаЬг2 п р и в е д е н ы н а рис . 3. 
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Рис. 2. Равновесные кривые течения систем СаЬгг — вода—ксилол 
при разных концентрациях СаЬг2(г- л - 1 ) : 
1 — 100; 2 — 93,2; 3 — 81,4; ,4 — 70,0; 5 — 58,4; 6 -г- 46,0 
Рис. 3. Концентрационная зависимость Бингамовского 
предельного напряжения сдвига (тв) и пластической вязкости (г/). 
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Таблица I 
Реологические показатели систем пальмитат 
кальция—вода—ксилол (СаРтг—95 г-л'1) 
Вода 





7 1 : 1 4 37 • 2 , 0 
11 1 : 8 33 2 ,2 
16 1 : 5 37 2 ,2 
2 0 1 : 4 33 2 ,0 
2 5 1 : 3 37 . 2 , 0 
3 3 1 : 2 система нестабильна 
4 0 1 : 1 , 5 система нестабильна 
5 0 1 : 1 система нестабильна 
20 . АО 6 0 
•,гтип 
Рис. 4. Кинетика выделения ксилола из различных 
систем кальциевое мыло — вода — ксилол при 
равных молярных (0,04 м о л ь - л - 1 — а) и весовых 
(17,5 г - л - 1 — б) концентрациях: 1 — СаКощ, а; 
2 — Са572, б; 3 — СаЬг2, а = б; 4 — Са$1ъ а\ 
5 — СаКопг, б; 6— Са.КоиЛ2, а—б 
В таблице I сведены дан-
ные характеризующие реологи-
ческое поведение изученной сис-
темы состава пальмитат каль-
ция (СаРт2)—вода—ксилол 
при различных содержаниях 
воды в системе. 
Кинетика макрофазного 
отделения ксилола из эмуль-
сионных систем, приготовлен-
ных на кальциевых мылах рав-
ных молярных концентраций 
(0,04 моль • л - 1 ) — кривые 1, 3, 
4, 6 и равных весовых концент-
раций (17,5 г - л - 1 ) — кривые 
2, 3, 5, 6, представлены на рис. 
4. В системах с капронатом 
кальция (СаКощ) и смеси 
капронат—стеарат кальция 
(СаКопБ!) совсем не наблюда-
лось выделение воды. Во всех 
других случаях вода выделя-
лась немедленно в сплошную 
фазу. На рис. 5 представлены 
кривые течения эмульсионных 
систем с различными кальцие-
выми мылами. 
Вопрос стабилизации и вы-
яснение реологических особен-
ностей поведения дисперсий в 
различных по природе диспер-
сионных средах имеет большое 
теоретическое и практическое 
значение. Для получения пред-
варительных сведений по этому 
вопросу, нами были использо-
ваны в качестве сред н-октан, 
о-ксилол и н-октанол, вещества 
обладающие различной поляр-
ностью. Реологические кривые 
течения систем, приготовлен-
ных в этих дисперсионных сре-
дах представлены на рис. 6. 
Данные, относящиеся к набу-
ханию СаЬг2 в этих средах, 
стабильность и основные ре-
ологические параметры систем 
сведены в табл. II. 
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Рис. 5. Равновесные кривые течения систем кальциевое мыло 
—: вода — ксилол (вода — 16 об.%, кальциевое мыло — 75,6 г - л - 1 ) : 
/ — СаКопг; 2 — СаКоп$1; 3 — СаЬг2; 4 — Са5>2 
Рис. 6. Равновесные кривые течения систем СаЬг2 — вода — масло 
в средах разной природы (СаЬг2 — 75,6 г - л - 1 , вода — 16 об. %): 
1 — н-октанол; 2 — н-октан; 3 — о-ксилол 
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Таблица II 
Физические константы масляных сред и данные по реологическим параметрам и стериль-
ности их эмулъсионно-суспензионных систем* 
с, Чо. ч, >'ос 
о СР с И п - с т ~ 2 сР т | ш1д 1 
1 2 3 4 5 6 7 8 
н - о к т а н 0 1 , 9 8 4 0 , 5 1 8 2 , 0 1 , 6 1 5 , 5 3 , 0 
о - к с и л о л 0 , 6 2 2 , 5 6 8 0 , 8 0 2 0 , 5 2 , 4 1 2 , 0 3 , 6 
н - о к т а н о л 1 , 6 8 1 0 , 3 4 8 , 4 1 6 , 4 1 5 , 2 8 , 0 4 , 0 
* САЬГГ—75,6 г - л - 1 ; вода—16 об.96. 
7 Ум.— выделение масляной фазы за 1 час, СаЬг, — 17,5 г - л - 1 . 
8 Уос — удельное надухание Са1г„ за 24 часа. 
Обсуждение результатов 
Несмотря на относительное повышение стабильности систем с увеличением 
концентрации металлического мыла, что следует из данных рис. 1, система 
СаЬг2—вода— ксилол до образования сплошной пространственной структуры 
мыла весьма нестабильна. Так, например, проследить кинетику выделения 
воды не было возможности, вследствие немедленного выделения большей 
ее части в • виде сплошной фазы при прекращении перемешивания, слу-
жившего для приготовления системы. Этот экспериментальный результат, на 
наш взгляд, является весьма важным, так как подтверждает ранее высказанное 
предположение [5], что на поверхности капель воды, образовавшихся в резуль-
тате диспергирующего перемешивания, в этой системе не создается дос-
таточно надежного защитного адсорбционного слоя из молекул СаЬг2. 
В результате.чэтого образуются только механические эмульсии, подразумевая 
под этим понятием, термодинамически весьма неустойчивую эмульсию в 
которой коалесценция капель воды и их макрофазное отделение в статических 
условиях не происходит только вследствие образовавшегося структурного кар-
каса мыла. Скорость выделения и общее количество выделившегося ксилола 
уменьшаются с повышением концентрации СаЬг2 (см. рис. 1.). 
Вследствие принятых нами условий приготовления, в системах отсутсвуют 
кристаллизационные, так называемые «сильные» связи, которые необратимо 
разрушаются при изотермических условиях течения и восстановления [5]. 
Тот факт, что при данной методике приготовления систем уже при относительно 
низких концентрациях мыл (40 г • л"1) образовались когерентные и достаточно 
прочные структуры, указывает на то обстоятельство, что при синтезе мыл на 
границе раздела фаз в динамических условиях, изученные кальциевые соли 
жирных кислот образуют высокодисперсные анизодиаметрические частицы. 
С увеличением концентраци СаЬг2, в исследованных пределах (46— 
100 г - л - 1 ) , как это следует из данных рис. 2, не происходит изменения харак-
тера реологических кривых течения, только лишь наблюдается возрастание 
величин реологических параметров систем. Концентрационная зависимость 
рассчитанных на основании кривых течения величин т в и г\ указывает на раз-
личный характер изменения этих параметров с увеличением концентрации 
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СаЬг2, (см. рис. 3). Бингамовское предельное напряжение сдвига возрастает 
по экспоненциальной, а пластическая вязкость по линейной зависимости от 
концентрации мыла. Полученные экспериментальные данные могут быть 
обобщены следующими уравнениями: 
где с — концентрация СаЬг2, а эмпирические константы для данной системы 
имеют значения 1 и и = 2; изменение пластической вязкости может быть 
апроксимировано прямой, соответствующей уравнению 
где для К' и ц0 получены значения ~ 0,3 и 1+0 ,3 соответственно. Последняя 
величина весьма близка к вязкости дисперсионной среды, что вполне можно 
было ожидать, и поэтому обозначена нами как щ0. 
Найденная зависимость предельного напряжения сдвига от концентрации 
мыла находится в хорошем согласии с закономерностями обнаруженными 
для структурированных суспензий и гелей, о которых имеются данные в лите-
ратуре [6, 7]. Линейное возрастание пластической вязкости с концентрацией 
мыла подтверждает сделанный нами ранее [5] вывод, что щ пропорциональна 
молярной концентрации мыла. Полученное уравнение указывает также на 
роль вязкости дисперсионной среды. На основании имеющихся данных мы 
не можем сделать обоснованные предположения относительно физического 
смысла полученных эмпирических коэффициентов К, К' и п. Вероятно, эти 
коэффициенты явлются функциями когезионных и адгезионных взаимо-
действий дисперсионной среды и дисперсных фаз, а также формы и раз-
меров частиц. 
Упомянутые выше экспериментальные результаты немедленное выде-
ление воды при малых концентрациях мыл — сделали сомнительными пред-
ставления о системах металлическое мыло—вода—ксилол как об эмульсиях 
второго рода в обычном смысле, даже при высоких концентрациях мыл, когда 
системы в статических условиях кажутся вполне стабильными. Для определе-
ния структуры таких систем необходимые данные можно получить при реоло-, 
гическом изучении систем обладающих когерентной структурой (т. е. кинети-
чески уже вполне устойчивых) при изменении содержания воды как дисперсной 
фазы. Для этого можно воспользоваться общеизвестным явлением значи-
тельного возрастания реологических параметров эмульсий с увеличением 
концентрации дисперсной фазы [8]. Для этих опытов нами был использован 
пальмитат кальция с тем, чтобы избежать найденные ранее переходные явления 
[5]. Из данных таблицы I следует, что в системе СаРт2—вода—ксилол при 
увеличении содержания воды от 7 до 25 об. %-ов реологические параметры 
оставались практически постоянными. Системы содержащие более 30 об. %-ов 
воды были уже совершенно нестабильны. Полученные данные еще раз убе-
дительно подтверждают наше представление о том, что исследованные сис-
темы кальциевые соли высших жирных кислот—вода—ксилол не представля-, 
ют собой защищенные адсорбционными слоями эмульсии второго рода, а 
только механическую дисперсию воды в мыльно-масляной среде. Один из 
важных практических значений этого вывода состоит в том, что имеется воз-.. 
То = Кс" О) 
П = К'с + ц о (2) 
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можность вариации относительного содержания воды в таких системах с сох-
ранением основных механических свойств системы. Из последнего заключения 
следует, что при применении полученных выше эмпирических уравнений 
(1) и (2) при различных фазовых соотношениях и составах систем следует при-
менять молярные концентрации мыл, рассчитанные относительно масляной 
фазы. 
В предыдущем сообщении [5] нами было рассмотрено влияние длины угле-
водородного радикала кальциевых мыл на стабильность и реологические 
характеристики систем кальциевое, мыло—вода—ксилол. Из данных рис. 4 и 
5 следует возможность варьирования стабильности и механических свойств 
систем с изменением длины углеводородного радикала жирной кислоты, од-
нако, наибольшее значение может иметь применение смесей мыл (см. кривая 
6 рис. 4 и кривая 2 рис. 5) при создании определенных требуемых структурных 
свойств. 
При изучении стабилизирующих и структурообразующих свойств раз-
личных кальциевых мыл, полученные данные (кривые 2, .3, 5 и 1, 3, 4 рис. 4, 
а также рис. 5) однозначно указывают на то обстоятельство, что не только в 
отношении удержания воды, но и в отношении скорости отделения масла, 
большее значение имеет образование пространственной структуры, чем лио-
фильность применяемого мыла, а также на то, что образование структурного 
каркаса происходит в первую очередь, за счет взаимодействий полярных групп 
мыл. 
В случае мыл с короткими углеводородными цепями, например, СаКопг, 
механизм стабилизации и структурообразования в системе значительно слож-
нее, потому что СаКоп2 образует также и обычную эмульсию второго рода, 
в котором капли воды защищены от коалесценции адсорбционными защит-
ными слоями. Этим объясняется отсутствие макрофазного выделения воды 
даже при весьма низких концентрациях СаКопг (0,04 моль • л"1). В соответствии 
с этим, в системе СаКопг—вода—ксилол, найденные высокие значения реоло-
гических показателей (см. кривая 1 рис. 5) объясняются дополнительным струк-
турообразующим действием адсорбционных слоев капель эмульсии. 
Полученные данные по реологическим показателям систем СаЬг2,—вода 
—масло, в которых в качестве дисперсионной среды служили углеводороды 
и спирт, имеющие в своем составе по 8 углеродных атомов, показывают, как 
это следует из данных рис. 6 и табл. 11, что наличие воды в системах не вносит 
существенных изменений в закономерности описанные в литературе для 
структурированных суспензий [9, 10]. В среде с высокой адгезией (н-октанол) 
найдены весьма малое предельное напряжение сдвига и высокая пластическая 
вязкость. И, наоборот, в среде с малой адгезией (н-октан) при относительно . 
высоком предельном напряжении сдвига характерно низкое значение плас-
тической вязкости. 
Экспериментальные данные, полученные в данной работе, и представлен-
ные в предыдущих сообщениях серии [4, 5] о системах состава гидратированное 
металлическое мыло—вода—масло, и составленные на их основании пред-
ставления о структурообразовании, стабилизации и разрушении структур, 
обращают внимание на обширные возможности применения подобных систем 
в практике, а также на целесообразность их дальнейшего исследования с целью 
получения данных для выяснения реологических свойств дисперсных систем. 
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INVESTIGATION OF STRUCTURES AND RHEOLOGICAL CHARACTERISTICS 
O F MULTICOMPONENT EMULSION SYSTEMS, III 
Structure formation and rheological properties of hydrated metal soaps 
in water—oil emulsions 
J. Andor, S. V. Feldman and A. Balassi—Benyus 
The effect of concentration of hydrated calcium soaps and of water.on the stability and mechan-
ical properties of three-phase systems has been studied. The independence of rheological para-
meters from the water content in the range of 5—25 vol % in the presence of calciumpalmitate 
has been demonstrated. Empirical equations are given for the concentration dependence of ' 
Bingham's yield value and the plastic viscosity in calcium laurate—water—xylene system. The: 
possibilities of influencing the mechanical properties of the systems studied are discussed. 
¡ 
INVESTIGATIONS ON COLLOID CHEMICAL PROPERTIES 
OF PEAT HUMIC SUBSTANCES 
By 
S. SIPOS, I. DÉKÁNY, A. DEER 
Institute of Colloid Chemistry, Attila József, University, Szeged, 
É. SIPOS 
Chemical Department, Pedagogical High School, Szeged 
and 
I. HORVÁTH 
Institute of Zoology, Attila József University, Szeged 
(Received October 2, 1974) 
The molecular weight of peat humic acid samples and metal humates of Keszthely origin 
were determined by ultracentrifugation as a function of pH and electrolyte concentration. These 
studies on sedimentation were completed by electron microscopic and gel filtration determinations 
in the regions of low and high pH, respectively, because in these regions the possibilities of using 
the ultracentrifuge method are restricted by intrinsic limitations of the method. 
The molecular weights and diameter of the particles unequivocally indicate the presence of 
molecule aggregates in the solution at lower pH values; at higher pH these aggregates disintegrate. 
Studying the aggregating effect of metal ions on humic acids, it can be stated that the higher degree 
of aggregation is produced by trivalent ions and Cu(II), while the aggregating effect of divalent 
ions is more moderate. 
The molecular weights obtained by ultracentrifugation and gel filtration show a parallel 
course. The gel filtration method permits a quick comparative determination of- molecular weight 
and molecular weight distribution. 
Introduction 
In the last years several workers [1:—12] dealt with investigations on physical 
and chemical properties of humic materials. Besides classical methods of investiga-
tion, modern methods of exploring the structure accurately, such as ultracentri-
fugation, light scattering, X-ray, spectrophotometric, osmometric, gel filtration 
and electron microscopic methods became more and more dominant. 
We used similar methods for investigating humic acids of different origin in the 
last years [13—15]. The state of aggregation of these samples was studied as a func-
tion of pH and time. Some morphological parameters were calculated from results 
of ultracentrifugation and the effect of different metal ions on the humic acids was 
investigated. 
Ultracentrifugation studies were restricted by the possibilities of using the 
method; namely, reliable results on aggregation could be obtained only in a compar-
atively narrow pH range (5—6.5). To clear up the extent of aggregation and dis-
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aggregation in the pH range below 5 and 6.5, respectively, electron microscopic 
and gel filtration methods had to be applied. Electron microscopy permitted to 
observe the aggregation down to pH 2, and gel filtration to study disaggregation 
and to determine the molecular weight iip to pH 10. 
The aggregating effect of different metal ions on humic acids was studied and 
the molecular weight of the metal humates obtained was determined; in order to 
assess the fine structure of these humates, some electron micrographs were made, too. 
In this paper we wish to give an account of our more recent results. 
Materials and methods 
Brown humic acids, extracted from Keszthely peat by pyrophosphate process 
were studied after adequate extraction, purification and fractionation. 
The molecular weights of the samples were determined with ah analytical 
ultracentrifuge Model G-120 of MOM (Hungarian Optical Works), Budapest, 
using the sedimentation equilibrium method. 
The gel filtration was performed on a dextrane polymer, type Sephadex G—75 
(PHARMACIA, Sweden), in a column of 2 cm 0 using a fractionating automat 
type SF—62. Glycine-NaOH buffer of pH 10 was used as eluent, then 5 ml frac-
tions were collected with a rate of 30 ml/hr. The extinctions of the different fractions 
were measured with a spectrophotometer ZEISS Specol at 450 nm. The following 
substances were used as molecular weight standards of the gel filtration: 
Cytocrome C (CALBIOCHEM AG) M = 12500 
Ribonuclease (PHARMACIA AG) M = 13600 
Myoglobin (horse) (SERVA AG) M = 17800 
Trypsin inhibitor (soy-bean) (CALBIOCHEM AG) M = 21500 
Chymotrypsinogen A (SERVA AG) M = 25000. 
The distribution coefficient Kd and the molecular weights were determined according 
to [16—19]. The electron micrographs were made with an electron microscope 
TESLA BS-500. 
Results and discussion 
The results of our investigations are presented in Tables I—II and Figs 1—7. 
As can be seen from Table I, the molecular weight decreases with increasing 
pH. Particle diameters between 70 and 130 A were calculated from sedimentation 
results, corresponding to the pH values de-
creasing in this interval. Similar results had 
been published in more detail in our earlier 
papers [12—15]. 
In the regions of lower and higher pH, 
ultracentrifugation does not yield reliable 
results as, at lower pH, aggregates of large 
dimensions causing rapid sedimentation are 
present in the solution, and it is difficult to 
measure the rate of sedimentation under the 
experimental conditions used. On the other 
Table I 
Dependence on pH of the molecular weight 
and particle diameter of Keszthely peat 
humic acids at t = 25 °C 
pH 5.0 5.5 6.0 6.5 
M - 1 0 " 3 3.1 3 .0 2 .9 2 .8 
d(A) 130 100 8 0 7 0 
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hand, at higher pH values the 
colloidal disperse system begins 
to become homogeneous, of mic-
roscopic character, and the mole-
cular distribution of particles 
does not permit to measure the 
sedimentation rate. 
In lower pH ranges, we made 
electron micrographs of the 
Keszthely peat humic acid sample 
at pH 2, 4, and 6. These are pre-
sented in Figs 1—3. 
As can be seen from Fig. 1, 
the humic acid particles of these 
samples are globular and of 
identical dimensions. Their dia-
meter, taking into account the en-
largement, is in good accordance 
with that calculated from sedimentation values (about 80 A). It is to be remarked 
that these humic acid samples appear to be practically monodisperse, both by 
ultracentrifugation and gel filtration. With decreasing pH further aggregation of 
the particles occurs. At pH 4 (Fig. 2) the particle diameter is found to be about 
200 A, while at pH 2 (Fig. 3) aggregates of very large dimensions are formed. 
Similar micrographs were made under the same conditions with coal humic acids; 
the aggregation shows analogous trends, but the degree of heterodispersity is greater. 
Fig. 4 shows the changes in molecular weight of peat humic acid doped with 
metal ions as a function of electrolyte concentration, while in Table II the molec-
ular weights of different metal humates at the maximum electrolyte concentration, 
immediately before coagulation, determined both by ultracentrifugation and gel 
filtration are presented at pH 5 and 10, respectively. A well definied pure fraction 
of the humic acid samples was used in the investigations. 
It can be seen from the data of Fig. 4 that different metal ions exert different 
Table II 
Molecular weight of metal humates at maximum 
electrolyte concentration immediately before 
coalgulation, t — 25°C 
Sample Keszthely peat humic acid 
M l < r 3 M 1 0 "
3 
Metal determined by determined by gel 
ion ultracentrifuge filtration 
at pH = 5 at pH = 10 
3.1 0.64 2.6 
Cu(II) 10.0 0.48 7.5 
Co(II) 7.1 0.58 6.0 
Mg(II) 2.7 0.65 2.5 
Fe(II) 6.4 0.60 5.0 
Fe(III) 10.3 0.53 8.0 










Fig. 1. Electron micrograph of Keszthely 
peat humic acid at pH 6 
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Fig. 2. Electron micrograph of Keszthely 
peat humic acid at pH 4 
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Fig. 3. Electron micrograph of Keszthely 
peat humic acid at pH 2 
effects on the humic acids. Among the metal 
ions studied, the highest degree of aggrega-
tion is caused by Al(III) and Fe(III) ions. 
The sequence of the aggregating effect of 
divalent cations is Cu(II)>Co(II)>Fe(II) , 
corresponding to the stability of the metal 
complexes of the humic acid. Mg(II) ions, 
on the other hand, had no aggregating 
effect, even with electrolyte concentrations 
higher by an order of magnitude. 
Taking into account our earlier investi-
gations, too, we could not find any signi-
ficant differences in the aggregation due 
to cations of humic acids extracted from 
material of different degrees of carboni-
fication. 
It can be seen from Table II that the molecular weights determined with the 
gel filtration method, using well definied molecular weight standards, and extra-
polating the Kd values in the way shown in Fig. 5, are all lower than those obtained 
by ultracentrifugation. This is consistent with the result to be expected, as the gel 
filtration was performed in a higher pH range (pH 10) where the particles are more 
disaggregated. In this pH range ultracentrifugation does not lead to reliable results. 
On the other hand, at lower pH values gel filtration cannot be used due to the pH 
of eluent (which, according to our observations, has an optimum of pH 9—10 in 
the case of humic materials). The molecular weights obtained with both methods 
show a good parallelism, and, though the gel filtration cannot be considered as 
. Al (III) 
. Fe (in) 
x Cu 0 0 
o fe (ii) 
• Co 00 
• Mg(iO 
6 mmolA 
Fig. 4. Dependence on electrolyte concentration of the molecular weight 
of Keszthely peat humic acid samples doped with metal ions 
(Basis mol. w t . = 3 . M 0 " 3 , p H = 5 ) 
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Fig. 5. Gel filtration calibrating curves of molecular weight standards 
in a Sephadex G-75 column (pH = 10) 
an absolute method for determing the molecular weight, it permits a rapid compara-
tive determination of the latter. 
For further orientation, we made some electron micrographs of metal humates 
to assess the structural changes in the humic acid due to the presence of the metal. 
In the electron micrographs made from Cu-humate particles (Figs 6 and 7) crystalline 
structure could be observed. These micrographs were made from Cu-humate pre-
cipitated by Cu(II) ions from Keszthely peat humic acid, than carefully dialysed, 
imbedded in Araldite, without any contrast material. 
Figs. 6—7. Electron micrographs of Cu-humate precipitated by Cu(II) ions 
from Keszthely peat humic acid 
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In Figs 6 and 7 microcrystalline structures of irregular form can be seen 
beside amorphous particles. 
We intend to extend our investigations to humic acids extracted from peat 
and brown coal samples of different origin and provenience, and to gel filtration, 
•osmometric and electron microscopic investigation of metal humates with special 
respect to the aggregation process, in order to clear up the fine structure. 
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ИССЛЕДОВАНИЕ КОЛЛОИДНО-ХИМИЧЕСКИХ СВОЙСТВ 
ГУМИНОВЫХ КИСЛОТ ТОРФА 
Ш. Шипош, И. Дэкань, А, Дэр, Е. Шипош, И. Хорват 
Проведено определение молекулярных весов образцов гуминовых кислот и их солей из 
торфа района Кестхель, методом ультрацентрифугирования в зависимости от pH и концент-
рации электролитов. Седиментационный метод дополнен электронно микроскопическим 
изучением в области низких pH и гельфильтрационным в области высоких значений pH. 
Необходимость привлечения этих методов обусловливалась ограниченностью примени-
мости ультрацентрифугического метода. 
Молекулярные веса и размеры молекул однозначно указывают на наличие агрега-
тов при низких pH, которые с повышением pH среды распадаются. Наибольшее агреги-
рующее действие производят трехвалентые катионы и Cu(II). Другие двухвален'гные 
катионы имеют меньшее агрегирующее действие. 
Молекулярные веса, определенные ультрацентрифугированием и гельфильтрацией, 
хорошо совпадают. Метод гельфильтрации позволяет провести быструю сравнительную 
-оценку молекулярного веса и молекулярно весового распределения. 
STUDY OF THE HYDROGENATION OF KETONES ON METAL CATALYSTS 
BY AN IMPULSE-MICROREACTOR TECHNIQUE 
By • 
M . B A R T Ó K 
Institute of Organic Chemistry, Attila József University, Szeged 
(Received October 11, 1974) 
Hydrogénation of ketones and dehydrogenation of alcohols has been studied on thermolite-
supported platinum, rhodium and palladium catalysts, in hydrogen as carrier gas, at 100—300 °C, 
by an impulse-microreactor technique. The platinum/thermolite and rhodium/thermolite catalysts 
were active, but palladiurri/thermolite proved inactive. Reactions accompanied by the isomerization 
of the carbon skeleton do not take place during the transformations of the compounds examined. 
As a consequence of the favourable properties of the platinum/thermolite catalyst (activity, cycle 
time, regenerability, lifetime), it can be employed as a catalyst in the preparation of secondary 
alcohols from ketones. 
Metal catalysts active in the hydrogénation of olefins are known to catalyse 
the hydrogénation of the ' carbonyl group, too. Compared to the liquid-phase 
hydrogénation of oxo compounds, relatively little attention has been paid in the 
literature to the practical utilization of vapour-phase hydrogénation, or to the study 
of the mechanism of the process involved. Since our investigations were carried 
out on platinum, rhodium and palladium catalysts, the account given will be 
confined mainly to the more important literature findings regarding the catalysts. 
A review of the relevant literature appeared fairly recently [1]. Experimental ob-
servations unequivocally show that, when applied on various supports, most of 
the metals used are good catalysts of the hydrogénation of ketones [1—7]. Only 
palladium exhibits complete or partial inactivity [1, 5—7]..This question has not 
been dealt with in detail, in spite of the fact that attention has recently focused on 
the study of the. mechanism of the hydrogénation process [1, 7—10]. At the same 
time it seems of interest that palladium, too, catalyses the dehydrogenation of 
secondary alcohols to ketones [11]. The sequence of activity in this reaction is: 
P t > P d > R h . 
The aims of the work described in the present paper were as follows : 
1. Study of the activities of thermolite-supported metal catalysts (in the following 
Pt/T, Pd/T, Rh/T) in ketone hydrogénation and alcohol dehydrogenation. 
2. Examination of the applicability of the impulse-microreactor technique in the 
study of these two types of reaction. (Only one paper on this topic could be found 
in the literature [12].) 
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The investigations described here are of help in the study of the mechanisms 
of isomerization and hydrogenolysis of oxa-cycloalkanes under similar experimental 
conditions. 
On this basis we set out to examine the transformation of the following model 
compounds on Pt/T, Rh/T and Pd/T catalysts: 
CH3 . CH3 
' I' I ' 
CH3—C—CH2—CH3 CH3—C—C—CH3 CH 3 —C—CH 2 —CH—CH, 
II ' II I II 
O O CH3 o 
I II III 
CH3 CH3 CH3 CH3 
I. I I I 










CH3 H3C CH3 
• • I I I 
CH3—CH—CH2—CH3 CH 3—CH—C—CH 3 CH 3 —C—CH—CH 3 
I I I . I 
OH OH CH3 OH 
VII VIII IX* 
CH3 CH3 CH3 
CH 3—CH—CH,—C—CH 3 CH3—C—CH2—CH—CH3 
1 " I I 
OH CH3 OH 
X XI* 
* The aim of the use of the tertiary alcohols IX and XI was to study the alcohol dehydrogena-
tions with isomerization of the carbon skeleton. 
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CH, CH, CH3 
• I. I I 
CH3—CH—CH2—CH—CH3 CH 3—CH—CH—CH—CH 3 . . 
I I 
. O H O H 
XII XIII 
CH3 CH3 
I I : : 
CH 3—CH—CH 2—CH—CH 2—CH—CH 3 
O H 
. XIV 
The studies were carried out by an impulse technique in the presence of hydrogen 
as carrier gas, in the temperature range 90—300 °C (exact measurements were 
not possible at temperatures below 90 °C because of the. extensive adsorption of 
the compounds). 
It was found that the Pt/T and Rh/T catalysts possess considerable activity 
in the hydrogénation of ketones and the dehydrogenation of secondary alcohols: 
R— C—R' + H2 ^ R—CH—R' 
O . • O H 
At the same time the Pd/T catalyst proved inactive in both reactions. Experimental 
data relating to the transformation of a number of compounds are given in Figs 1—8. 
In both hydrogénation and dehydrogenation the activity of the Pt/T catalyst 
was higher than that of the Rh/T catalyst. The cycle-time of the latter is also sub-
stantially lower, i.e. its activity falls rapidly during both reactions. In accordance 
with the thermodynamic data, the hydrogénation is favoured by lower temperature; 
elevation of the temperature increases the rate of dehydrogenation of alcohols. 
At 90—110 °C the ketones examined were transformed to the corresponding second-
ary alcohols with yields of 80—90%. At lower temperatures the yields would prob-
ably be even better. 
The transformation of the two tertiary alcohols (IX and XI) is faster than that 
of the secondary alcohols. Under the experimental conditions applied, these two 
compounds undergo hydrogenolysis accompanied by the loss of water, i.e. they are 
transformed to the corresponding saturated hydrocarbons. Dehydrogenation ac-
compained by isomerization of the carbon skeleton was not observed. 
On the Pd/T catalyst both the secondary and the tertiary alcohols are trans-
formed by means of hydrogenolysis. We did not investigate these processes in detail 
as our aim was the study of the hydrogénation of ketones and the dehydrogenation 
of alcohols. 
The different behaviours of the catalysts serve as good evidence in favour of 
the following mechanism, proposed earlier [1, 5] for the hydrogénation of ketones: 
6* 
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1—3. Variation of the conversion of individual ketones and alcohols as a function of temperature on different catalysts. 
(1: methyl lert-butyl ketone (II); 2: methyl to7-butyl carbinol (VIII); 3: dimethyl isopropyl carbinol (IV); " 
4: methyl neopentyl ketone (IV); 5: dimethyl isobutyl carbinol (XII)). 
y / o 
Figs. 4—5. Variation of the product composition as a function of temperature in 
the transformation of methyl /¿/-/-butyl ketone (II) (symbols as in Figs 1—3). 
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duct composition as a function 
of temperature in the transfor-
mation of methyl neopentyl 
ketone (VI) (symbols : 4 : methyl 
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In our view, palladium is not capable of activating the C = 0 bond.. This finding -
is confirmed by experimental data on the hydrogénation of a, /J-unsaturated ketones 
in the presence of deuterated methanol [10]. The opinion can also be found in the 
literature that the reason for the inactivity of palladium is the strong adsorption 
of the ketones [5, 6]. 
Figs 7—8. Variation of the product composition as a function of temperature 
in the transformation of methyl tert-butyl carbinol (VIII) (symbols as in Figs 1—3). 
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In the course of the experimental work we give further evidence that palladium 
catalysts on various supports (silica gel, kieselguhr, active carbon) are inactive 
in the hydrogénation of ketones, and the inactivity is thus a characteristic of the 
palladium itself. Detailed, complex investigations are necessary to establish which 
of the properties of palladium can be most closely correlated with this phenomenon. 
An intensive study of this problem may lead to conclusions of great importance. 
Our preliminary experiments in this respect strongly suggest the conclusion that 
the hydrogénation of ketones and olefins takes place on various centres of the metal 
catalysts. 
On the basis of our experimental work it can be stated that, among the thermo-
lite-supported catalysts, Pt/T is suitable for the vapour-phase hydrogénation of 
ketones for preparative purposes, too. It was also found that the impulse technique 
is a satisfactory means of studying the hydrogénation and dehydrogenation of 
various types of compounds. 
Experimental 
Of the compounds examined, methyl ethyl ketone (I), methyl isobutyl ketone 
(HI), diisopropyl ketone (IV), diisobutyl ketone (V), 2-butanol (VII), methyl 
isobutyl . carbinol (XH), diisopropyl carbinol (XIII) and diisobutyl carbinol (XIV) 
were commercial products of FLUKA. 
The other compounds were prepared by methods described in the literature: 
methyl tert-butyl ketone (II) [13, 14]; methyl neopentyl ketone (VI) [15]; methyl 
tert-butyl carbinol (XIII) [14]; dimethyl isopropyl carbinol (IX) [16]; methyl neo-
pentyl carbinol (X) [17]; dimethyl isobutyl carbinol (XI) [16]. 
The starting compounds were purified by fractional distillation, and their 
purity was checked on the basis of their physical constants, gas-chromatograms 
and IR spectra. 
Some properties of compounds I—XIV are listed in the Table I. 
Table I 
Compound 






I 80 760 1.381415 0.7 
IL 105 746 1.395620 0.9 
HI 116 760 1.396720 1.2 
IV 125 742 1.400720 1.1 
V 164 741 ' 1.412021 2.6 
VI 124 760 1.40412°. 1.1 
VII 100 760 1.399515 1.1 
VIII 120 746 1.414820 1.6 
IX 119 759 1.417620 1.4 
X 137 736 1.418820 2.2 
XI 132 760 1.416620 2.0 
XII 131 740 1.4 1 2220 2.0 
XIII 136 746 1.425020 2.3 
XIV 81 18 1.423021 5.1 
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Catalysts. Pt/T, Rh/T and Pd/T catalysts (metal content 10%) were prepared by 
described methods [18, 19]. The Cu/Al catalyst was prepared from an. alloy con-
taining 30% active metal (particle size 0.2—0.4 mm) [20]. The activities of the cata-
lysts were checked with crotyl alcohol, under the same experimental conditions 
as in the catalytic studies [21]. 
Description of experimental method. The examinations were carried out by an 
impulse-microreactor technique. The method described earlier [18] was modified 
in so far as the material selected for the microreactor. was rasotherm glass, and 
the internal diameter of the microreactor was 6 mm. 1 ml, T-supported catalysts 
and 0.2 ml Cu/Al catalyst were employed. The active metal contents of the 
catalysts were approximately the same. The microreactor was built onto a Carlo 
Erba GV gas-chromatograph. The gas-chromatographic conditions were as follows: 
Column : A glass column, 1.5 m long and of 4 mm internal diameter, containing 
15% rheoplex on silanized kieselguhr of 0.2—0.3 mm particle size. Thermostat 
temperature: 120°C. Carrier gas: 60 ml hydrogen/min. Detector current: 150 mA. 
Amount of sample injected : 5 (il. 
The peaks on the chromatograms were identified with the aid of appropriate. 
reference substances, and evaluated quantitatively by reference to standard cali-
bration curves. 
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ИССЛЕДОВАНИЕ ГИДРОГЕНИЗАЦИИ КЕТОНОВ 
НА МЕТАЛЛИЧЕСКИХ КАТАЛИЗТОРАХ МЕТОДОМ ИМПУЛЬСНОГО РЕАКТОРА 
М. Барток 
Изучена гидрогенизация кетонов (I—VI) и дегидрогенизация спиртов (VII-—XIV) на 
платиновом, родиевом и палладиевом катализаторах с термолитными носителями, в ин-
тервале температур 100—300 °С, используя водород в качестве газа-носителя, методом им-
пульсного реактора. Катализаторы платина и родий были активными, а палладий ока-
зался инактивным. При превращениях изученных веществ не происходили реакции изоме-
ризации углеродных остовов молекул. Платиновый катализатор, вследствие своих подход-
ящих свойств (активность, время цикла, регенерационная способность, долговечность)-, 
может быть рекомендован в качестве катализатора при синтезе вторичных спиртов и 
кетонов. . 

SELECTIVITY OF METAL ALLOY CATALYSTS 
IN THE HYDROGENOLYSIS OF 2-METHYLOXACYCLOALKANES 
UNDERPRESSURE 
By 
M. BARTÓK and R. A. KARAKHANOV* 
Institute of Organic Chemistry, Attila József University, Szeged 
(Received October 21, 1974) 
The catalytic hydrogenolysis of propylene oxide, 2-methyloxacyclobutane, 2-methyltetra-
hydrofurane and 2-n-propyltetrahydrofurane under pressure leads to the formation of primary and 
secondary alcohols. The selectivity of the hydrogenolysis depends on the number of atoms in the 
ring and on the catalysts used (Ni/Al, Cu/Al and Ni/Zn). .The mechanism of the transformations 
and the selectivities of the catalysts can be brought into correlation with the different chemisorption 
properties of the alloy catalysts. 
We accounted earlier [1] on oiir investigations of the behaviours of propylene 
oxide (I), 2-methyloxacyclobutane (H), 2-methyItetrahydrofurane (Til) and 2-n-propyl-
tetrahydrofurane (IV) on Raney-type catalysts (Ni/Al, Cu/Al, Ni/Zn) at 50 atm, 
in the temperature range 200—300 °C, in a continuous system. 
It was found experimentally that the Cii/Al catalyst exhibited considerable 
activity and selectivity in the hydrogenolyses of I and II and only primary alcohols 
were formed. At the same time the hydrogenolysis of III was much slower and 
gave rise to a number of products. In contrast, the Ni/Al catalyst proved selective 
in the hydrogenolyses of III and IV, only secondary alcohols being formed, whereas 
in the case of I and II the hydrogenolysis took place in two directions. The elfect 
of Ni/Zn catalyst was more similar to that of Cu/Al than to the Ni/Al, for 1-butanol 
was formed in the hydrogenolysis of II. 
Besides showing the important role of the second metal in the development 
of the catalytic properties of the Raney-type catalysts, the sharp difference in selec-
tivity between Ni/Al and Ni/Zn catalysts can lead to further significant conclusions. 
In the publication mentioned [1] only the experimental observations were, 
reported without dealing with their explanation. 
The cause of the ring size and catalyst-dependent differences in the direction 
of the hydrogenolysis of 2-methyloxacycloalkanes under pressure is to be sought 
in the mechanism of the transformations. Special investigations in order to clear up 
the mechanisms of the processes were not performed, and accordingly only literature 
data can be relied upon in the interpretation of these transformations. Experimental 
i 
* Institute of Organic Chemistry, Academy of Sciences USSR, Moscow 
4 5 4 M. BARTÔK A N D R. A. KARAKHANOV 
observations of other authors, too [2], draw attention to the sharp difference in 
selectivity between certain catalysts in the hydrogenolysis of III: 
OH K, H2 / \ Ni. H2, 
where K = Cu0.Cr203. 
No explanation of the different transformations was given. 
In the course of our experimental work, it became evident that the effects of 
the Raney-type copper and nickel catalysts on the direction of hydrogenolysis of 
the various oxacycloalkanes are different. Although the interpretation may be 
approached in a number of ways, in our view the determining factor is the difference 
in chemisorption properties of the metals. 
On nickel a very rapid chemisorption of hydrogen, not activated or charac-
terized by a low activation energy, can be observed, while hydrogen in not chemi-
sorbed at all on copper below 0 °C [3], and certain observations indicate that it is 
practically not adsorbed up to 300 °C [4]. 
On this basis, in the case of-Ni/Al the process is initiated by the chemisorbed 
hydrogen; this takes place obviously with higher rate on the less spatially-screened 
primary carbon atom. This transformation is accompanied by the formation of 
secondary alcohols: 
O ? —- — CT 
i Ni 
Ni Ni Ni 
Ni 
: methyl or n-propyl 
This mechanism is also supported by the fact that if the substituent is increase 
in size then the rate of formation of the secondary alcohols rises considerably [1]. 
Since the epoxides and oxethanes are strained systems, on their chemisorption 
on a Ni/Al catalyst the C—0 bond adjacent to the substituent splits. Consequently, 
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in the hydrogenolyses of I and II on Ni/Al the formation of both alcohols is 
observed. 
> H 
( C H ^ + 2 i 
< V — 
i 
Ni 
— • : methyl 
n : 0 Or 1 
The hydrogenolyses of the epoxides and oxethanes on Cu/Al can be interpreted 
on the basis of the following reaction scheme : 
Jtyn < V —- \ V ~^ 
0 o CU I 1 
1,11 . Cu . • 
— • : methyl 
n •. 0 or 1 
As a result of the inductive effect of the substituent" on the ring, the C—O bond 
adjacent to the substituent splits on the chemisorption of the substrate; attack by 
hydrogen from the gas phase leads to the formation of primary alcohols. 
As à consequence of the significantly higher stability of the ring, a more elevated 
temperature is required for the hydrogenolysis of 2-methyltetrahydrofurane (III). 
Further, above 300 °C the hydrogen is chemisorbed by copper, too. These effects 
have the result that the formation of both alcohols is observed on the hydrogeno-
lysis of III on Cu/Al : 
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At 300 °C on Cu/Al the presence of chemisorbed hydrogen is also indicated by the 
experimental fact that in addition to the two pentanol. isomers, pentane was formed, 
too, as a result of further hydrogenolysis [1]. Such a transformation takes place 
only in the presence of chemisorbed hydrogen or nascent hydrogen. 
The special nature of the Ni/Zn catalyst can be explained in that during the 
alloying a phase or phases are produced, the catalytic characteristics of which 
resemble those of Cu/Al. On alloying with zinc the ¿/-orbital of nickel can be filled; 
it appears that the Ni/Zn phase thus formed no longer chemisorbs hydrogen under 
the experimental conditions employed: . ' 
" 2 
methyl 
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СЕЛЕКТИВНОСТЬ СКЕЛЕТНЫХ КАТАЛИЗАТОРОВ 
П Р И ГИДРОГЕНОЛИЗЕ 2-МЕТИЛ-ОКСА-ЦИКЛОАЛКАНОВ ПОД ДАВЛЕНИЕМ 
М. Барток, Р. А. Караханов 
Каталитический гидрогенолиз под давлением пропиленоксида (I), 2-метил-оксацикло-
бутана (П), 2-метил-тетрагидрофурана (Ш) и 2-я-пропил-тетрагидрофурана (IV) приводит 
к образованию первичных и вторичных спиртов. Селективность гидрогенолиза зависит от 
числа членов цикла и применяемых катализаторов. 
Обнаружена корреляция между механизмом превращений, селективностью катализа-
торов и различиями в хемисорбционных свойствах катализаторов из металлических сплавов. 

ISOLIERUNG DES ARCTIGEIMNS UND HERSTELLUNG 
EINIGER AMIN-DERIVATE 
Von 
S. FÖLDEÁK, P. HEGYES und GY. DOMBI 
Institut für Organische Chemie der Attila-Jozsef-Universität Szeged 
(Eingegangen am 30. September 1974) 
Es wird eine einfache ¡Extraktion des Arctigenins aus den Kernen von Arctium Lappa, sowie 
die chemisch modifizierte Herstellung einiger Aminderivate mitgeteilt und über die Struktur dieser 
Verbindungen aufgrund spektroskopischer (IR, N M R ) Befunde berichtet. 
In früheren Mitteilungen [1, 2] berichteten wir über die tumorwachstumhem-
mende Wirkung von aus den Wurzeln von Arctium Lappa (Burdock) (AL) extra-
hierten und chromatographisch gereinigten Stoffen. Vorliegender Artikel beschreibt 
die einfache Gewinnung des aus den Kernen des AL isolierbaren Arctigenins und 
die Herstellung einiger Derivate. 
Zur Isolierung des Arctigenins aus AL-Samen wurde ein wesentlich einfacheres 
Extraktionsverfahren gefunden, das bessere Ausbeute liefert als die in der Literatur 
angegebenen Methoden [3, 4]. Die AL-Samen wurden im Herbst (im Oktober und 
November) gesammelt, getrocknet und gemahlen, das Mahlgut vor dem Extra-
hieren mit Wasser befeuchtet und nach 24-stündigem Stehen mit Äther extrahiert. 
Auf diese Weise sind aus den AL-Kernen 2—4% Arctigenin zu gewinnen; ohne 
Befeuchtung dagegen nur 1—2%. Dies ist damit zu erklären, daß durch die Wirkung 
des Wassers der Präkursor Arctiin durch Hydrolyse — wahrscheinlich enzymatisch — 
zu Arctigenin gespalten wird. 
Die Zusammensetzung des Arctigenins (I) wurde durch SHINODA [3] und 
KAWAGOJE [5] angegeben. Die ersten Mitteilungen über seine Struktur stammen 
v o n OMAKI [6]. 
M H 
" c»^—I 
o < P 




HAWORTH und KELLY [7] haben die Verwandtschaft des Arctigenins mit dem 
Mateiresinol nachgewiesen: sie konnten aus /-Arctigenin durch Methylierung 
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das Dimethyl-Mateiresinol herstellen. Somit ist Arctigenin der Monomethyl-
Äther des Mateiresinols. Schließlich wurde die Struktur des Arctigenins (I) von 
H A W O R T H [9] durch Synthese bewiesen. Mit den sterischen Verhältnissen befassen 
sich Arbeiten von H A W O R T H [ 1 0 ] und anderen Autoren [ 1 1 — 1 4 ] . Demnach nehmen 
im Arctigenin (I) die Substituenten des Butyrolaktonrings /ra»5-Stellung ein. 
Das isolierte Arctigenin. wurde für pharmakologische Untersuchungen [15] 
auf chemischem Wege wasserlöslich gemacht. Öffnen des Laktonringes und Um-
wandlung in ein Karbonsäuresalz kam nicht in Betracht, weil der Laktonring zur 
Wirkung erforderlich war. Das Problem wurde durch Einführen einer basischen 
Aminogruppe gelöst, von deren Salz eine Erhöhung der Wasserlöslichkeit zu erwarten 
war. Die Einführung einer Aminogruppe wurde infolge der. Anwesenheit der pheno-
lischen Hydroxygruppe, mittels Mannich-Reaktion möglich [16]. 
Die Reaktion wurde in Gegenwart von Formaldehyd mit Piperidin-Morpholin 
oder ß-Chloräthylmethylamin durchgeführt, wodurch die eine basische Gruppe 
enthaltenden Arctigeninderivate (II) erhalten wurden. 
Diese Verbindungen erweisen sich dünnschichtchromatographisch einheitlich, 
sind aber dennoch mit Ausnahme des Morpholinderivats schwer oder überhaupt 
nicht kristallisierbar. Die nicht kristallisierenden Verbindungen wurden in äthano-
lischer Lösung in die entsprechenden Hydrochloride überführt, die im Vakuum einen 
festen Schaum ergaben. Die mittels Mannich-Reaktion modifizierten Verbindungen 
wurden durch Analyse und NMR-Spektren identifiziert. Im IR-Spektrum des Arcti-
genins (Fig. 1) erscheint bei 3420 c m - 1 eine scharfe Bande (phenolisches OH), im 
Spektrum von II (Fig. 2) erscheint eine breite Bande mit einem Maximum bei 
3450 cm - 1 . Dies deutet wegen der Nähe der Aminogruppe auf eine N—«-H-Pro-
tonierung hin. Im NMR-Spektrum des Arctigenins erscheinen in der Umgebung 
von <5 = 6,8 ppm sechs Protonen, während das Proton des phenolischen OH bei 
5 = 5,8 ppm erscheint. Bei Verbindung II sind in der aromatischen Region um 
<5 6,6 ppm die Signale von nur fünf Protonen zu finden; das Signal des OH ist 
nach 5 3,66—3,70 ppm verschoben (in F 3 C C 0 0 H + D 2 0 verschwindet das Signal). 
Eine so starke chemische Verschiebung des Hydroxylsignals weist auf eine wesentliche 
Änderung seiner Umgebung, auf das Zustandekommen einer N—-H-Brücke 
zwischen dem durch die Mannich-Reaktion eingeführten Amin und der Hydroxyl-
gruppe hin. Das Entstehen der Wasserstoffbrücke in der Struktur von II wird durch 
die Möglichkeit der Bildung eines sechsgliedrigen stabilen Ringes erleichtert. Folg-
lich ist es unwahrscheinlich, daß die durch die Mannich-Feaktion eingeführte Ami-
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Phenylgruppe gebunden ist. Aufgrund obiger Spektraldaten und Analogien in der 
Literatur [16] ist zu folgern, daß die Methylamino-Gruppe nachbarständig zur phe-
nolischen Hydroxylgruppe ist. Das bedeutet, daß die erhaltenen Verbindungen 
die Struktur II besitzen. 
3 MICRONS 4 5 5 6 '7 8 . 9 10 12 14 
Fig. 2 
Experimenteller Teil 
Die Schmelzpunkte wurden mit einem Kofler-Apparat bestimmt. Die angege-
benen Werte sind unkorrigiert. Die IR-Spektren wurden mit einem UNICAM SP-200, 
die NMR-Spektra mit einem JEOL 60 MHz-Gerät aufgenommen. Die Reinheit 
der Verbindungen wurde an Kieselgel-G-Platten mit Benzol: Äthanol 80:15 als 
Laufmittel dünnschichtchromatographisch kontrolliert. 
Isolierung des Arctigenins. 
2 kg AL-Kerne werden zu Mehl zermahlen, mit 200 ml Wasser bespritzt und 
2 Tage in einem PVC-Beutel stehen gelassen. Dann wird mit 4 1 peroxydfreiem 
Äther unter Rückfluß 8 Stunden lang erhitzt, nach dem Erkalten filtriert, mehrmals 
mit Äther gewaschen und die vereinigten ätherigen Lösungen auf 350—400 ml ein-
7* 
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gedampft. Die zurückbleibende zähe Lösung enthält neben mehreren anderen 
Stoffen das Arctigenin und große Mengen pflanzlichen Öles. Sie wird mit 10—15 ml 
24%-igem salzsäurehaltigem Alkohol versetzt und 2—3 Tage stehen gelassen. Das 
ausgeschiedene kristalline Arctigenin wird abfiltriert und mit Äther, dann mit 
Äthanol gewaschen. Ausbeute: 50 g schneeweiße Kristalle (2,5% auf trockene 
AL-Kerne berechnet). Aus 150 ml Äthanol umkristallisiert 42,0 g. Schmp: 102 °C. 
(Lit. Schmp.: 100—101 °C [[13]). [aß2 38.0° (in 5% Äthanol). (Lit.:[a]f,2= 
= - 3 7 , 3 ° [13]). R f : 0,71.C21H2406 (372,43) Berechnet: C: 67,73; H : 6,49. Gefun-
den: C: 67,65; H : 6,58%. IRraax3420 cm" 1 (OH), 1760 cm" 1 (CO). NMR (in CDC13) 
¿=6,60—7,00 (6H aromatisch), 5,75 (1H, OH; mit D 2 0 verschwindend), 3,90—4,00 
(11H, 9H Methoxy + 2 H C—9), 2,90—3,10 (2 H, C—8',8), 2,50—2,70 (4 H C—7,7'). 
Morpholinomethylarctigenin (na) 
2,34 g (0,027 Mol) Morpholin, 1,0 g Paraformaldehyd, 3,37 g (0,054 Mol) 
Essigsäure und 10,0 g (0,027 Mol) Arctigenin werden in 80 ml Benzol unter An-
wendung eines Wasserseparators 2,5 Stunden unter Rückfluß erwärmt. Nach 
Erkalten wird mit 3X30 ml N Salzsäure extrahiert. Die Salzsaure Lösung wird 
filtriert, mit Natriumhydrocarbonatlösung neutralisiert und dann mit 2 x 3 0 ml 
Äthylacetat extrahiert. Die organische Phase wird mit 3 x 1 0 ml Wasser gewa-
schen und über entwässertem MgS04 getrocknet. Nach Abdestillieren des Äthyl-
acetats bleiben 9,0 g Öl (71 %) zurück, die aus 20 ml Äthanol kristallisiert wer-
den. (Die ersten Kristalle erscheinen nach 5—8 Tagen; mit Kristallen geimpft, 
kristallisiert das Produkt in kurzer Zeit aus). Ausbeute: 7,4g (58,5%). Schmp.: 
111—112°C. R r : 0,69, vmax 3450cm- 1 (OH), 1768 cm" 1 (CO-Lakton), N M R 
(in CDC13) <5 = 6,3—6,85 (5 H; aromatisch), 3,8—4,0 (13 H : 9 H - 3 0 C H 3 , 
2 H - C 9, 2 H - CH2—N<(J <5 = 3,6—3,7 (5 H; 4 H-Morpholin, 1 H - OH, mit 
C F 3 C 0 0 H + D 2 0 verschwindend) ¿=2,80—2,00 ( 2 H ; C 8,8'), <5 = 2,40—2,70 (8 H ; 
4 H —C 7,7'; 4 H-Morpholin). C2 6H3 4N07 (472,5) Berechnet: C: 66,30; H : 7,06; 
N : 2,97. Gefunden: C: 66,54; H : 7,14; N: 3,10%. 
Piperidinomethylarctigenin-hydrojodid (Hb) 
2,28 g (0,027 Mol) Piperidin und 0,9 g Paraformaldehyd werden in 5 ml 
Äthanol erwärmt, bis der Paraformaldehyd in Lösung gegangen ist. (10—15 Mi-
nuten). Der erkalteten Lösung werden 2,5 ml Eisessig und 10 g (in 20 ml Äthanol 
gelöstes) Arctigenin zugesetzt. Man läßt 1 Stunde bei Zimmertemperatur stehen 
und erwärmt dann auf dem Wasserbad 5 Stunden unter Rückfluß. Dann 
werden 4,5 g KJ (in 20 ml MeOH gelöst) zugegeben, im Vakuum auf 15—20 ml 
eingedampft, mit 30 ml absol. Aceton und 2,8 ml 34%-igem salzsäurehaltigem 
Äthanol vermischt und 10 Minuten geschüttelt. Das aus der Lösung ausgeschiedene 
KCl wird durch Filtrieren entfernt. Dem Filtrat wird bis zur beginnenden Trübung 
absol. Äther zugesetzt, dann wird schnell filtriert und die Lösung im Kühlschrank 
aufbewahrt: Nach 15—20 Minuten scheiden kleine Kristallnadeln aus, die filtriert 
und mit Äther gewaschen werden. Ausbeute: 10,4 g (65%), aus Aceton umkris-
tallisiert 6,2 g (39%) Schmp.: 105—105,5°C. C27H36N06J (597,5). Berechnet: 
C : 54,26; H : 6,07; N : 2,34; J: 21,24. Gefunden: C: 54,86; H : 6,35; N : 2,49; 
J : 20,60%. 
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Methyl-ß-chloräthylaminomethylarctigenin-hydrochlorid (IIc) 
2,36 g (0,025 Mol) Methyl-/?-chloräthylamin-hydrochlorid, 0,75 g (0,025 Mol) 
Paraformaldehyd, 1,80 g (0,03 Mol) Essigsäure und 7,44 g (0,02 Mol) Arctigenin 
werden in einem Gemisch von 20 ml Nitrobenzol und 20 ml Benzol unter Rückfluß 
und Anwendung eines Wasserseparators 2 Stunden lang erwärmt und nach Er-
kalten mit 3X20 ml 0,4 N HCl extrahiert. Der salzsaure Extrakt wird filtriert, 
mit 5 %-igem Na 2 C0 3 alkalisiert (pH 8—9) und mit 3 X 20 ml Äthylacetat extrahiert. 
Die Lösung wird über MgS04 getrocknet und das Lösungsmittel bei vermindertem 
Druck abdestilliert. Rückstand 3,6. g Öl (27%). Das unkristallisierbare Öl wird in 
20 ml Äthanol gelöst, mit sälzsaurem Äthanol in das Hydrochlorid umgewandelt 
(pH 4—5) und die Lösung bei vermindertem Druck zum Trocknen gebracht. Der 
feste Schaum wird über P2Oä im Vakuum getrocknet. C25H33N06C12 (514,4). 
Berechnet: C: 58,36; H : 6,47; Cl~: 6,89. Gefunden: C: 57,86; H:6,58; Cl~: 6,38%. 
* * * 
Die Verfasser danken Herrn I . FÖLDEÁK für seine Mitwirkung bei der Isolierung 
und der Herstellung der Grundstoffe. 
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В Ы Д Е Л Е Н И Е А Р Ц Т И Г Е Н И Н А И СИНТЕЗ ЕГО 
Н Е К О Т О Р Ы Х А М И Н О - П Р О И З В О Д Н Ы Х 
Ш. Фелдеак, П. Хедешь, Г. Домби 
Авторы сообщают о простом способе выделения арцтигенина из "зерн Arctium Lappa 
а также о синтезе некоторых его новых амино-производных. Сообщаются предположения 
авторов о структуре этих соединений на основании спектроскопических данных (ИК-, Я М Р -
спектроскопии). 

PREPARATION OF FRAGMENTS OF BRADYKININ ANALOGUES 
CONTAINING OPTICALLY ACTIVE PIPECOLIC ACID 
By 
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Institute of Organic Chemistry, Attila József University, Szeged 
(Received September 27, 1974) 
Some peptides containing optically active L- and D-pipecolic acid, as fragments of pipe-
colic acid-bradykinin analogues, were prepared and their physical constants were determined. 
For investigating the connections between chemical structure and biological 
activity of known peptide hormones, preparation and study of the biological 
properties of analogues containing one or several "non-proteinogenic" amino 
acids is of great importance [1]. The well-known tissue hormone bradykinin (arginyl-
prolyl-prolyl-glicyl-phenylalanyl-seryl-prolyl-phenylalanyl-arginine) with complex 
effects contains three prolines. In order to clear up the biological role of the latter, 
it seems theoretically interesting to substitute one or more prolines by "non-proteino-
genic" amino acids of only slightly different structure. 
Among the numerous possibilities, our research group used optically active 
pipecolic acid* and a-L-homoproline for the substitution of proline. 
a-L-homoproline had not been applied earlier in peptide chemistry. Publication 
of some results concerning rational synthesis of a-L-homoproline, preparation 
of several protected and active derivatives and of a-L-homoproline-bradykihin 
elaborated in our group as well as of the results of biological ^investigations is in 
course [2]. 
Numerous papers on substitution of proline by pipecolic acid can be found 
in the literature of peptide chemistry. The first report on application of L- and D-
pipecolic acid is found in connection with the synthesis of collagen models [3]. 
7-L-Pipecolic acid-oxytocin [4] and 7-L-pipecolic acid-angiotensine II [5] were 
also prepared, the latter by the method of solid phase peptide synthesis [6]. ¿-Pipe-
colic acid was applied for preparing a sequence-polypeptide [7], too. 
* The synthesis of further analogues with conventional [9] and solid phase 
peptide synthesis methods [10] followed that of the first pipecolic acid-bradykinin 
[8] only about ten years later. 
•Nomenclature and abbreviations are those accepted by IUPAC-IUB for peptide chemistry: 
Pip = pipecolic acid (piperidine-2-carboxylic acid); HPro = a-homoproline (pyrrolidine-2-acetic 
acid). Z = benzyloxycarbonyl ; BOC = /-butyloxycarbonyl; ONb = p-nitrobenzyl; OMe = methyl. 
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In order to fill up gaps in literature, special attention was paid to peptide 
chemical application of optically active pipecolic acids. Therefore the preparation 
of different protected and active derivatives of both L- and D-pipecolic acid [11, 12] 
and possibilities of their applications [13] were published in detail. 
In our preceding paper [14] we reported on preparation of some di- and tri-
peptides containing L- and D-pipecolic acids by the stepwise method. In this paper 
we describe the preparation of greater fragments, namely tetra-, penta-, hexa-, 
hepta- and octapeptides. A publication on the synthesis of pipecolic acid-bradykinin 
analogues from these fragments, on their purification and biological assays is under 
preparation [15]. 
The synthesis of each fragment described (Table I) started from the C-terminal 
tripeptides [14] and proceeded by stepwise condensation (1—6) and (9—13), acy-
lating with an active derivative of the respective protected amino acid. For hexa-
peptides (7 and 8), fragment condensation starting from tripeptides was applied. 
For preparation of tetrapeptides (3 and 4) azide coupling without isolation, for the 
penta- and hexapeptides (3—6) the N-hydroxysuccinimid esters of thé protected 
acyl components were used. Coupling of the tripeptide fragments to hexapeptides 
(7 and 8) was performed by the azide method. Acylation of heptapeptides 
(9 and 10) to octapeptides could be succesfully performed only by the dicyclohexyl-
carbodiimid method. In the latter case the active ester methods did not prove suit-
able; an exact explanation for this fact cannot be given up to now. 
Experimental 
Melting points were determined with a Kofler block, optical rotations with 
a Zeiss polarimeter. The values given are uncorrected. TLC on Kiesel G (Merck) 
was used for purity control with the following systems: 
1. «-butanol—acetic acid—water 4:1:1 
2. ethyl acetate—pyridine—acetic acid—water 60:20:6:11 
3. ethyl acetate—pyridine—acetic acid—water 30:20:6:11 
4.. ethyl acetate—pyridine—acetic acid—water 120:20:6:11 
5. chloroform—methanol 8:2 
6. chloroform—methanol—acetic acid 85:10:5 
p-Nitrobenzyl t-butyloxycarbonyl-L-seryl-D-pipecolyl-L-phenylalanyl-
-L-nitroargininate (1) 
5.34 g (7.5 mmole) protected tripeptide ester [14] was treated with slight excess 
of trifluoroacetic acid at room temperature for 1 hour. The excess acid was evaporated 
in vacuum, and the trifluoroacetate of the tripeptide ester was precipitated with ether, 
then filtered, washed with ether several times and dried in vacuum. 1.64 g (7.5 mmole) 
/-butyloxycarbonyl-L-serine hydrazide was dissolved. in 10 ml dimethylformamide 
and the solution cooled to — 15°C. 3.75 ml 6N hydrochloric acid and concentrated 
aqueous solution of 0.54 g sodium nitrite were added dropwise to the solution under 
stirring, and stirred for further 5 minutes. The trifluoroacetate of the tripeptide ester 
was dissolved similarly in 10 ml dimethylformamide, cooled to — 15°C, then 
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0.83 ml (7.5 mmole) N-methylmorpholine was added dropwise to the solution and 
stirred for 3 minutes. The azide solution was added to the latter solution and the 
reaction mixture was stirred under — 5°C for 2 hrs, then left to stand in a refrigerator 
overnight. After pouring the reaction mixture into water, the organic phase was 
extracted with ethyl acetate, the extract washed with diluted solutions of citric . 
acid and sodium hydrocarbonate, then with IN ammonium hydroxide and water. 
After drying, the extract was evaporated in vacuum and the residue crystallized. 
Methyl t-butyloxycarbonyl-L-phenylalanyl-L-seryl-L-pipecolyl-
-L-phenylalahyl-L-nitroargininate (4) 
2.41 g (4 mmole) protected tetrapeptide ester (2) was treated with slight excess 
of trifluoroacetic acid at room temperature for 1 hour. The excess acid was evaporated 
in vacuum, and the trifluoroacetate of the tetrapeptide ester precipitated with ether, 
then filtered, washed with ether and dried in vacuum. The dried product was dissolved 
in 20 ml dimethylformamide, the solution cooled to 0°C, then equivalent quantity 
of N-methylmorpholine and finally 1.45 g (4 mmole) N-hydroxysuccinimide i-butyl-
oxycarbonyl-L-phenylalaninate were added. The reaction mixture was stirred at 
the same temperature for 2hrs, then left to stand at room temperature for 24 hrs. 
After pouring the reaction mixture into water, the organic phase was extracted with 
ethyl acetate, the extract washed with diluted solutions of citric acid and sodium 
hydrocarbonate, then with liV ammonium hydroxide and water. The extract was 
dried, evaporated in vacum, and the residue was crystallized. 
p-Nitrobenzyl t-butyloxycarbonyl-glycyl-L-phenylalanyl-L-seryl-D-pipecolyl-
-L-phenylalanyl-L-nitroargininate (5) 
3.79 g (4 mmole) protected pentapeptide ester (3) was treated in slight excess 
of trifluoroacetic acid at room temperature for 1 hour. The excess acid was evaporated 
in vacuum, and the trifluoroacetate of the pentapeptide ester precipitated with ether, 
then filtered, washed with ether and dried in vacuum. The dried product was dis-
solved in 15 ml dimethylformamide, the equivalent quantity of N-methylmorpholine 
was added and the solution cooled to 0°C. Finally 1.18 g (4 mmole) N-hydroxy-
succinimide i-butyloxycarbonyl-glycynate was given to the reaction mixture and 
worked up as. above (4). 
Methyl benzyloxycarbonyl-glycyl-L-phenylalanyl-L-seryl-L-pipecolyl-
. -L-phenylalanyl-L-nitroargininate (7) 
1.87 g (3 mmole) methyl benzyloxycarbonyl-L-pipecolyl-L-phenylalanyl-L-
nitroargininate [14] was dissolved in excess AN hydrogen bromide—acetic acid, 
stirred at 0°C for 45 minutes and the hydrobromide of the tripeptide ester was 
precipitated with ether, filtered, washed with ether and dried in vacuum over P2O5. 
and potassium hydroxide. The dried product was dissolved in 10 ml dimethyl-
formamide, the solution cooled to — 15°C and neutralized with N-methylmorpholine. 
At the same time, 1.37 g (3 mmole) benzyloxycarbonyl-glycyl-L-phenylalanyl-L-
serine hydrazide was dissolved in 6 ml dimethylformamide, the solution cooled 
to — 15°C, then 1.5 ml 6iV. hydrochloric acid and 0.22 g cc. aqueous sodium nitrite 
Table t 










c = 1 
D M F 
Formula 
Analysis, % 
• Calc. Found 
N N 
B0C-Ser -D-Pip-Phe-Arg(N0 2 ) -0Nb (1) A a 57 102—105 - 3 2 ° C „ H 4 B O t , N , 15.7 15.6 
B0C-Ser -P ip-Phe-Arg(N0 2 )0Me (2) A a 64 92—97 - 3 0 ° CsoííáfiOioNg 16.5 16.3 
B0C-Phe-Ser-D-Pip-Phe-Arg(N0 2 ) -
- O N b (3) A a 88 113—116 - 2 0 ° C45H58OI3N10 14.8 14.7 
B0C-Phe-Ser-Pip-Phe-Arg(N0 2)-
- O M e (4) A a 77 95—98 - 3 8 ° CaoHsfiOuNo 15.3 15.3 
B0C-Gly-Phe-Ser-D-Pip-Phe-Arg(N0 2)-
- O N b (5) A b 81 114—118 - 1 8 ° C47H61O14N11 15.4 15.2 
B0C-Gly-Phe-Ser-Pip-Phe-Arg(N02)-
-OMe (6) A b 80 108—113 - 3 3 ° CIIHJJSOIANU 15.9 15.7 
Z-Gly-Phe-Ser-Pip-Phe-Arg(N02)-
- O M e (7) B c 67 163—168 - 3 5 ° C44H60O12N10 15.3 15.2 
Z-Gly-Phe-Ser-Pip-Phe-Arg-(N02)-
- O N b (8) B c 73 164—170 - 3 8 ° Q O H ^ O ^ N , , 14.9 14.8 
BOC-Pro-Gly-Phe-Ser-D-Pip-Phe-
- A r g ( N 0 2 ) - 0 N b (9) A. c 80 122—124 - 3 0 ° C 6 2 H 6 6 O 1 5 N 1 2 







- A r g ( N 0 2 ) - 0 M e (10) A . c 78 121—124 - 4 0 ° C 4 7 H „ , O 1 3 N „ 
Arg. 0.95, 




. - A r g ( N 0 2 ) - 0 N b (11) A d 56 128—132 - 3 1 ° C57H7 50 1 6NJ 3 
Arg 0.96, 
Phe 1.87, 




























1 E tOAc = ethyl acetate, E t O H = ethanol, MeOH = methanol, E t 2 0 = ether, P. E. = petroleum ether 
a A = stepwise condensation, B = fragment condensation 
3 a = EtOAc-P. E., b = E t 0 H / E t 2 0 , c = MeOH/Et a O, d = ace tone/Et 2 0 
* amino-acid analysis was made instead of elemental analysis 
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solution was added drop wise. After further stirring for 5 minutes the azide solution 
was added to the solution of the amino-compohent and the reaction mixture was 
stirred under — 5°C for 3 hrs. After 24 hrs standing in a refrigerator, the solution 
was eveporated in vacuum and the . residue suspended in 1:1 ethyl acetate—water. 
The organic phase was washed with diluted hydrochloric acid, diluted sodium 
carbonate solution and water. After drying and evaporating the ethyl acetate 
solution in vacuum, the residue was crystallized. 
p-Nitrobenzyl t-butyloxycarbonyl-L-prolyl-glycyl-L-phenylalanyl-L-seryl-
-D-pipecolyl-L-phenylalanyl-L-nitroargininate (9) 
2.5 g (2.5 mmole) protected hexapeptide ester (5) was treated in slight excess 
of trifluoroacetic acid at room temperature for 1 hour. The excess acid was evaporated 
in vacuum, the trifluoroacetate of the hexapeptide ester precipitated with ether, 
then filtered and washed with ether. The product was dissolved in 8 ml dimethyl-
formamide, the solution cooled undér 0°C and neutralized with N-methylmorpholine 
added dropwise.. After, adding 0.78 g (2.5 mmole) N-hydroxysuccinimide i-butyl-
oxycarbonyl-L-prolinate the reaction, mixture was worked up as described for 1. 
Methyl t-butyloxycarbonyl-L-prolyl-L-pipecolyl-glycyl-L-phenylalanyl-
-L-seryl-L-pipecolyl-L-phenylalanyl-L-nitroargininate (12) íj 
.0.91 g (1 mmole) protected heptapeptide ester (10) was treated with slight 
excess of trifluoroacetic acid at room temperature for 1 hour. The excess acid was 
evaporated in vacuum, the remaining trifluoroacetate of the heptapeptide ester pre-
cipitated with ether, filtered, washed with ether and dissolved in 5 ml dimethyl-
formamide. The solution was cooled to 0°C and, after adding 0.14 ml triethylamine, 
the precipitated triethylamine hydrochloride was filtered. . 0.12 g (1.0 mmole) 
i-butyloxycarbonyl-L-proline and 0.2 g (10 mmole) dicyclohexylcarbodiimide were 
added to the filtrate and the reaction mixture was stirred at the same temperature 
for 6 hrs, then left to stand in a refrigerator for 24 hrs. After filtering off the dicyclo-
hexylurea, the filtrate was evaporated in vacuum, the residue dissolved in acetone 
and the protected octapeptide ester was crystallized by addition of ether. 
* * * ' 
The authors are indebted to thanks to Mrs. G . B A R T Ó K - B O Z Ó K I and Mrs. 
É . G Á C S - G E R G E L Y for elemental analysis, to R . F E R E N C Z I for amino-acid analysis, 
and to Miss I. B A G I and J. F Ü L Ö P for technical assistance. 
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СИНТЕЗ ФРАГМЕНТОВ АНАЛОГОВ БРАДИКИНИНА, 
СОДЕРЖАЩИХ ОПТИЧЕСКИ АКТИВНУЮ ПИПЕКОЛИНОВУЮ КИСЛОТУ 
Л. Балашпири, Б. Пенке, Дь. Папп, К. Ковач 
Авторами синтетизированы и определены физические константы нескольких пепти-
дов, содержащих «L» и «D» пипеколиновую кислоту, которые соответствуют фрагментам 
аналогов брадикинина с тшеколиновой кислотой. 
A P P L I C A T I O N O F P E N T A F L U O R O P H E N Y L E S T E R S 
O F B O C - A M I N O A C I D S I N S O L I D P H A S E P E P T I D E S Y N T H E S I S 
By 
B. PENKE, L. BALÁSPIRÍ, P. PALLAI and K. KOVÁCS 
Institute of Organic Chemistry, Attila József University, Szeged 
(Received October 16, 1974) 
Owing to their high reactivity, pentafluorophenyl esters of BOC-amino acids can be well 
applied in solid phase peptide synthesis. With their application we synthesized the protected tetra-
peptide A C T H 11—14. The synthesis is compared with other methods. 
In the first years of the application of solid phase peptide synthesis DCC was 
almost exclusively used as condensing agent in the peptide coupling reactions; 
only the coupling of N-acylglutamine and asparagine was performed by active 
esters. When the numerous disadvantages of the DCC-method had become evident, 
various active esters, mostly p-nitrophenyl esters (/?-ONP), were often successfully 
applied in solid phase peptide synthesis [1—3]. A great advantage of the active ester 
coupling is to give generally purer products than DCC-condensation, furthermore 
the excess active ester can be regenerated. However, the use of />-ONP has also 
shortcomings, because, according to KARLSSON [4] and LOSSE [5], quantitative 
reaction cannot be reached even after 2X16 hours coupling. BODANSZKY [6] found, 
that in solid phase peptide synthesis o-nitrophenyl esters (o-ONP) are more reactive 
than /7-nitrophenyl- and pentachlorophenyl esters, probably owing to steric effects. 
As the active esters applied hitherto in solid phase synthesis were not sufficiently 
reactive, we tried to use for solid phase peptide synthesis the pentafluorophenyl 
esters of high reactivity, successfully applied in classical peptide synthesis by KISFALUDY 
and KOVÁCS [7]. First, we prepared o- and /7-nitrophenyl esters as well as penta-
fluorophenyl esters of several BOC-amino acids (see Table I) then we stated [8] 
by reaction kinetic measurements that the pentafluorophenyl esters of BOC-amino 
acids are much more reactive in solid phase peptide synthesis, than o-ONP and 
J3-ONP. In our kinetic measurements we always used the concentration generally 
applied in solid phase peptide synthesis, because only results obtained in this way 
can be utilized in synthetic work. For comparing the reactivity of different active 
esters, two data were used: (a) the time (t1/2) necessary for 50% reaction, (b) the 
degree of coupling reached after 16 hours reaction time with 3fold excess of the 
active ester. The results are given in Table II. 
According to Table II, the difference between the reactivities of o- and />-nitro-
phenyl esters is not high, and in some cases the /?-nitrophenyl esters prove to be more 
reactive. The deviation of these results from the measurements of BODANSZKY [6] 
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Table I 











BOC-Phe-0-ONP ethanol 143—144 c 62.2 62.5 
(386.4) H 5.7 6.0 
BOC-Phe-p-ONP ethanol 125—126 c 62.2 62.0 
(386.4) H 5.7 5.9 
BOC-Phe-OPFP ethyl acetate— 108—109 C20HL8O4NF5 c 55.7 55.5 
petroleum- (431.3) H 4.2 4.4 
ether 
BOC-Leu-o-ONP ether—hexane 52—54 C17H24O6N2 c 57.9 .57.8 
(352.4) H 6.9 7.1 
BOC-Leu-/>-ONP ethanol—water 85—86 C17H„406N2 c 57.9 58.1 
(352.4) H 6.9 6.7 
BOC-Leu-OPFP oil oil C17H20O4NF5 c 51.5 51.9 
(397.3) H 5.1 5.4 
BOC-Asn-o-ONP DMF—water 143—145 C15H19O,N3 • c 51.0 51.3 
(353.3) H 5.4 • 5:6 
BOC-Asn-/)-ONP ethanol 162—163 CUH1 8O,N3 c 51.0 51.4 
(353.3) H 5.4 5.6 
BOC-Asn-OPFP ether—hexane 119—121 C15H15O6N2F6 c 45.5 46.1 
(397.3) H 3.8 4.2 
BOC-Asn(Xa)-o-ONP DMF—water 139—141 C28H27O8N3 c 63.0 63.4 
(533.6) H 5.2 5.4 
BOC-Asn(Xa)-p-ONP DMF—water 149—152 C28H2708N3 c 63.0 63.7 
(533.6) H 5.2 5.3 
BOC-Asn(Xa)-OPFP ethyl acetate— 160—162 C28H23O6N2F5 c 58.2 58.4 
hexane (579.2) H 4.0 4.0 
BOC-Gln(Xa)-o-ONP DMF—water 115—117 C29H29O8N3 c 63.5 64.0 
(547.6) H 5.3 5.5 
BOC-Gln(Xa)-p-ONP DMF—water 109—111 C29H09OJN3 c 63.6 64.1 
(547.6) H 5.3 5.7 
BOC-Gln(Xa)-OPFP ethyl acetate— 149—150 C29H25O6N2F5 c 58.8 59.2 
hexane (593.2) H 4.2 4.4 
BOC-Gly-o-ONP ethanol 97—98 C1 3H1 606N, c 52.7 53.1 
(296.3) H 5.4 5.6 . 
BOC-Gly-p-ONP ethanol—water 78—80 C13H16O6N2 c 52.7 53.0 
(296.3) H 5.4 5.5 
BOC-Gly-OPFP ethyl acetate— 75—76 C13H12O4NF5 C 45.7 45.8 
hexane (341.3) H 3.5 3.8 
BOC-Tyr(Bzl) OPFP ethyl acetate— 121—123 C27H24O5NF5 c 60.4 60.8 
hexane . (537.5) ' H 4.5 4.6 
BOC-Pro-OPFP hexane 48—51 C16H16O4NF6 c 50.4 50.3 
(381.3) H 4.2 4.1 
BOC-Val-OPFP hexane 58—60 C 1 6 H l e 0 4 NF 5 c 50.1 50.4 
(383.3) H 4.7 4.9 
Z-Lys(BOC)-OPFP ether—hexane 68—70 C25H27O6N2F5 c 55.0 55.0 
(546.5) H 5.0 4.8 
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Results of kinetic measurements 




t1/2 (hours) Coupling (%) after 16 hrs reaction 
p-ONP o-ONP OPFP p-ONP o-ONP OPFP 
BOC-Phe 1 11.5 3.2 0.4 
3 1.0 0.5 0.3 68 80 96 
BOC-Leu 1 23.0 18.0 — . — — — 
3 . 2.5 1.5 1.0 54 82 97 
BOC-Asn 1 4.5 6.0 — • — — — 
3 1.5 1.0 . 0.5 67 75 88 
BOC-Val 3 — — 1.5 — — . 92 
BOC-Gly 1 24.0 9.3 — . — — — 
3 2.8 1.4 1.1 55 70 95 
BOC-Ile 3 — — 2.4 . _ — . 77 
BOC-Pro • 3 — — . 0.3 — • — . 98 
BOC-Met 3 — — 2.1 — — 82 
BOC-Ala 3 . — — 1.2 — . . — 94 
BOC-Cys(Bzl) 3 • — • 0.6 - — • — 96 
BOC-Tyr(Bzl) - 3 2.0 2.1 - 1.4 63 60 91 
BOC-Asn(Xa) 3 2.6 2.8 1.7 65 58 86 
BOC-Gln(Xa) 3 6.0 2.9 1.5 52 60 88 
may be explained by the much higher concentrations applied in our method, and-
perhaps by the difference of polymers. It is worth mentioning that the t1/2 values 
of pentafluorophenyl esters exceed 1 hour only in few cases. The difference in reacti-
vities of active esters is even more apparent from the comparison of the percentage 
of coupling after 16 hours. This value often does not reach 60%, and never exceeds-
90% for nitrophenyl esters, while for pentafluorophenyl esters it is never lower than 
80% and often as high as 95—97%. 
On the basis of these data it seemed probable that pentafluorophenyl esters-
can be succesfully used in solid phase synthesis; we proved their applicability by 
the synthesis of the protected tetrapeptide Z-Lys(BOC)-Pro-Val-GlyOMe (ACTH 
11—14). In the synthesis the reaction of the active esters BOC-Val-OPFP (in. 
6x excess), BOC-Pro-OPFP (in 3x excess), Z-Leu(BOC)-OPFP (in 6x excess) with 
the glycyl-polymer was successively used. We obtained 95—97% coupling af ter 
10—12 hours in all cases. The tetrapeptide was split off from the resin in methyl-
ester form, yielding ~ 80% rough product, which, purified by crystallization, gave: 
70% pure, chromatographically homogeneous protected tetrapeptide. * 
Our method was compared with other methods of solid phase peptide synthesis-
and with the repetitive excess mixed anhydride (REMA) method. We synthesized 
the ACTH 11—14 sequence mentioned above according to MERRIFIELD'S original' 
description, using 3x excess BOC-amino acids and DCC for.each coupling. The rough 
product contained more impurities than that obtained with our method; it could 
be, however, comparatively easily purified by extraction. Compared with the active: 
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ester method the synthesis of this tetrapeptide by simple DCC-condensation gave 
a lower yield and required longer purification. However, applying 3-nitrophthalic 
anhydride for preventing the formation of failure sequences [9], the DCC-condens-
ation could also be performed with good yield, giving a relatively pure end-prod-
uct. Details of this synthesis will be described elsewhere [10]. 
For comparison, we tried also to apply the REMA-method [11] in the synthesis 
•of the ACTH 11—14. As the sequence contains valine and proline, this method 
did not prove to be suitable for the synthesis of this tetrapeptide. 
Summarizing the results of kinetic measurements and the methods of peptide 
sysntheses described, it can bfe stated that the BOC-amino acid pentafluorophenyl 
esters, owing to their high reactivity, can be well applied in solid phase peptide 
synthesis. The synthesis of ACTH 11—14 can be performed also with DCC method, 
the active ester method gives, however, better results. 
Experimental 
Pentafluorophenyl esters of BOC-amino acids 
10 mmole BOC-amino acid and lOmmole pentafluorophenol were dissolved in 
25 ml ethyl acetate, (in the case of derivatives of glutamine and asparagine with 
addition of some dimethylformamide). The solution was cooled to 0°C, then 10 mmole 
DCC solved in 5 ml ethyl acetate was added, the solution was stirred at 0°C for 1 hr. 
The DCU, precipitated after standing at — 10°C for 30min, was filtered off and 
the solution evaporated in vacuum. The rough product was triturated with n-hexane 
and purified by recrystallization (see Table I). 
•o- and p-Nitrophenyl esters of BOC-amino acids 
5 mmole BOC-amino acid and 6 mmole nitrophenol was dissolved in 10 ml 
•ethyl acetate (in the case of derivatives of glutamine and asparagine in DMF— 
tetrahydrofuran mixture). Further process was as for pentafluorophenyl esters. 
Kinetic measurements 
The first charge of the glycyl-polymer prepared from MERRIFIELD-polymer 
'(FLUKA 63 871) by the method described in [12] was 0.15 mmole/g. The BOC 
protecting group was split off with 25 % trifluoroacetic acid (TFA) in CH2C12. The 
active esters were used in two different quantities (see Table II). The rate of the 
•coupling reaction was followed by amino-acid analysis, as the measurement of the 
liberated phenol reagent did not give reliable results. 
To 20 mg (3 nmole) glycyl-polymer 3 nmole= 1 equivalent or 9 nmole=3 equi-
valents active ester of BOC-amino acid dissolved in 0.2 ml D M F was added. After 
2, 10, 30 min, and 1, 2, 4, 8, 16, 24 hours the suspension was filtered, the unreacted 
active ester was washed off 3 x with DMF, 2X with CH 2 C1 2 ,2x with methanol and 
1 X with ether. The dipeptidyl-resin was hydrolysed in vacuum in a sealed tube with 
a mixture of 0.5 ml cc. HC1 and 0.5 ml acetic acid for 8 hrs or with 3M mercapto-
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ethanesulfonic acid (MES) in acetic acid. The hydrólysate was filtered, and condensed. 
(When applying MES the pH was adjusted to 2.20 by 4/VNaOH). The residue ' 
was dissolved in 1.00 ml buffer (pH 2.20) and the amino-acids were analyzed with 
an automatic amino-acid analyser Type Hd-1200E. 
Solid phase synthesis of Z-Lys(BOC)-Pro-Val-Gly-OMe 
(a) By DCC-condensation. The synthesis was performed with12 g ( = 4.8 mmole) 
glycyl-resin, using subsequently the BOC-valine (in 4 X excess), BOC-proline and 
Z-Lys(BOC)OH (both in 3 X excess). CH2C12 was used as solvent for coupling and 
subsequent washing. The BOC protecting groups were split off by 25% TFA in 
CH2C12. The coupling reactions were checked by amino-acid analysis. (Repetition 
of the coupling reaction proved not necessary in any case). The peptide was split 
off from the resin with BEYERMAN'S method [13]: the polymer was suspended in 150 ml 
methanol, and 30 ml diisopropylethylamine was added. After 20 hrs. shaking the 
resin was filtered off, washed with 50 ml methanol and the methanol distilled off 
in vacuum. The oily residue obtained was triturated with ether, yielding 2.8 g (87%) 
amorphous material, which was chromatographycally inhomogeneous. Further 
purification (boiling in ether, crystallization from ethyl acetate—petroleum ether) gave 
1.76 g (55%) pure product, m.p: 109—111 °C. Amino-acid analysis: Gly 1.00; 
Pro 1.1 ;Val0.96; Lys 0.95. C32H4909N5(674.75); Calc.: C 59.33; H7.62; N 10.79. 
Found: C 58.90; H 7.80; N 10.65%. 
(b) By application of pentafluorophenyl esters of BOC-amino acids. The synthesis 
was made with 5 g ( = 2 mmole) glycyl-resin using subsequently BOC-Val-
OPFP (in 6 X excess), BOC-Pro-OPFP (in 3 X excess) and Z-Lys(BOC)-OPFP 
(in 6 Xexcess). A 2:1 mixture of CH2C12 and D M F was used as solvent for coupling 
and subsequent washing. Coupling time was 10—12. hrs, the reaction was checked 
by the semiquantitative K A I S E R test [ 1 4 ] and by amino-acid analysis. Repeated 
coupling was not necessary. The BOC-groups were split off by 25% TFA in CH2C12. 
The tetrapeptide was cleaved from the resin with BEYERMAN'S method (see preceding 
paragraph). 1.1 g (80%) rough material was'obtained and purified by crystallization 
from ethyl acetate—petroleum ether, yielding 0.94 g (70%) chromatographically pure 
tetrapeptide, m.p. 110—113 °C. 
Amino-acid analysis: Gly 1.00; Pro 1.08; Val 0.92; Lys 1.05. 
C32H4909N5 (674.75); Calc.: C 59.33; H 7.62; N 10.79. Found: C 59.05; 
II 7.80; N 10.52%. 
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ПРИМЕНЕНИЕ ПЕНТАФТОРФЕНИЛОВЫХ ЭФИРОВ 
ВОС-АМИНОКИСЛОТ В СИНТЕЗЕ ПЕПТИДОВ В ТВЁРДОЙ ФАЗЕ 
Б. Пэнкэ, Л. Балашпири, П. Паллаи , К. Ковач 
Пентафторфениловые эфиры ВОС-аминокислот вследствие их большой реактивности 
с успехом употребляются в синтезе пептидов в твёрдой фазе. С применением этих соединений 
нами был синтезирован защитный тетрапептид А CT H 11—-14. Этот синтез сравнивался 
с другими методами синтеза. 
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Comparative Study of Oxime-Forming Reactions of Steroid-17-ketones, II 
(Short Communication) 
By 
B. MATKOVICS and I. GAÁL 
Biochemical and Genetical Groups, Attila József University Szeged 
(Received September 27, 1974) 
The thermodinamic indices of the oxime-forming reactions of various, hormone-active androge-
nic steroid-17-ketones and their derivatives were compared. In order to establish correlations involv-
ing the thermodinamic parameters, five androgen-active and ten oestrogen-active 17-ketosteroids 
were examined. 
In the first part of this work the kinetic parameters of the oxime-forming reac-
tions of several steroid ketones were compared with the kinetic parameters of 
various alicyclic ketones, and the order of oxime-forming reaction (under the 
conditions applied) was elucidated [1]. 
In the present paper we deal only with an internal comparison of the thermo-
dynamic parameters of the steroid-17-ketones. 
The substances examined were classified into groups according to the basic 
skeleton. The .first group consisted of androgen-active epi- and dehydroepi-
andosterone* derivatives, while the second group was made up of a wide range of 
oestro'ne derivatives (ethers, esters) with female sex hormone effects. 
Experimental 
For purposes of exact comparison, the methods described in Part I were used. 
Ketones were employed in a concentration of 10 - 3 mole, dissolved in a 2:1 mixture 
of chloroform—methanol. 
Oxime-formation was achieved with a 0.005 mole hydroxylamine salicylate 
solution in chloroform—methanol (2:1). The residual hydroxylamine salicylate 
was back-titrated with a 0.005 N HC1 solution in propane- 1,2-diol—chloroform 
(1:1), in the presence of a mixture of dimethyl yellow and methylene blue as indicator 
[2]. The measurements were made in the temperature range 30—50 °C. 
* Abbreviations used: DEA = dehydroepiandrosterone (3/i-hydroxyandrost-5-en-17-on); DEA-
-acet. = dehydroepiandrosterone-3/f-acetate; DEA-benz. = dehydroepiandrosterone-3/i-benzoate; 
Cl-DEA =3/?-chlorodchydroepiandrosterone; EPA=epiandrosterone (3/?-hydroxy-5a-androstan-17-
-one); Oe=oesterone (3-hydroxyoestra-2,4,5(10)-trien-17-one); Oe-Me-ether=oestrone-3-methyI 
ether; etc. 
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The starting steroids were made available for experimental purposes by the 
G. RICHTER Pharmaceutical Works (Budapest). They were purified by recrystalliza-
tion and layer-chromatography. Both compounds and all of the 17-ketones (synthe-
sized by methods reported earlier) were used in the purest possible form [3, 4]. 
The logarithm of the rate constant was plotted as a function of the inverse 
of temperature; applying the equation given previously [1], the activation enthalpy 
. + + 
(AH+) and activation entropy (¿15+) were calculated from the slopes and inter-
cepts" of the curves, respectively. 
The data were processed with a MINSK-22 computer. 
Results and discussion 
+ 
The AH+ and AS+ values of EPA, DEA and their derivatives are given in 
Table I. Table II lists the same thermodynamic parameters for Oe, its ethers and 
its esters. 
. + 
By comparing the data in Table. I it can be seen that the z)S+ values show 
considerable differences. 
Of the androgens listed EPA is the most active, while there is no great difference 
between the androgenic activities of DEA and its derivatives. 
The thermodynamic values calculated from the kinetic constants in Table II simi-
larly embrace a wide range. The activation 
enthalpies can be divided roughly into two 
groups: values above, and below 10 kcal/mole. 
The sequence for the compounds in the 
latter group is: Oe-isoPr ether < Oe-ben-
zoate < Oe-acetate < Oe < Oe-allyl ether, 
while in the other group the sequence is: 
Oe-Bu ether < Oe-benzyl ether < Oe-cyclo-
pentylether < Oe-Me ether < Oe-Et ether. The 
situation is different in the case of the ac-
tivation entropies. Here the value for Oe 







DEA 6.19 -48 .44 . 
DEA-acet. 7.09 - 4 6 . 6 1 
Cl-DEA 8.23 -43 .01 
DEA-benz. 12.25 - 3 1 . 8 0 




¿ s i 
• kcal/mole. degree 
Oe 7.70 - 9.32 
Oe-Me ether 14.08 -26 .87 
Oe-Et ether 14.30 -22 .12 
Oe-acetate 6.04 - 4 9 . 8 1 
Oe-isoPr ether 4.92 -19 .51 
Oe-Bu ether 10.81 -36 .74 
Oe-allyl ether 9.69 -38 .89 
Oe-cyclopentyl ether 1-2.48 -28 .69 
Oe-benzyl ether 11.02 -34 .38 
Oe-benzoate 4.99 -54 .29 
for its derivatives, though the 
influence of the substituents on 
the reactions of the C-17 keto 
group clearly appears. 
Our results prove convi-
ncingly the correlation assumed 
in Part I [1], namely that the 
substituents at C-3 markedly 
affect the reactions of the C-17 
keto group. In our experience 
the effects of the substituents can 
be correlated with their electro-
chemical properties. 
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СТЕРОИДЫ, XXII 
СРАВНИТЕЛЬНОЕ ИЗУЧЕНИЕ ОКСИМООБРАЗУЮЩИХ 
РЕАКЦИЙ СТЕРОИД-17-КЕТОНОВ, П 
Б. Маткович, И. Гал 
Определены термодинамические параметры реакции оксимообразования некоторых 
стероидных кетонов, обладающих гормональной активностью. Стероид-17-кетоны и их 
производные в основном обладали острогенными свойствами и лишь некоторые имели анд-
рогенные свойства. Изучена взаимосвязь термодинамических • параметров пяти стероидов 
с андрогенным и десяти стероидов с острогенным гормональным действием. 

K I N E T I C S T U D Y O F O X I M E - F O R M I N G R E A C T I O N S O F K E T O N E S 
By 
CS. K O N C Z and B. MATKOVICS 
Biochemical and Genetical Groups, Attila József University, Szeged 
(Received September 27,1974) 
Kinetic results confirm the activity sequence to be expected in theory for the reaction rates. 
For further studies it appears necessary to determine more exactly the overall reaction order 
and to describe the instantaneous variations in the reaction order by means of a mathematical 
formula. The UV spectrophotometric procedure applied, requiring only small amounts of material, 
can be automated and appears advantageous for future studies with respect to the possibility of 
a relatively fast data processing. 
Kinetic 'measurements were made on the oxime-forming reactions of alicyclic, 
monocyclic and bicyclic ketones, and the data, obtained were compared. Besides 
earlier titrimetric comparisons, efforts were also made to follow the change in 
the ultraviolet absorption maximum of hydroxylamine salicylate under the con-
ditions of the reaction. The results as well as the possibility of a more exact approach 
to the kinetic values are dealt with in the present paper. 
Experimental 
The oxime-forming reaction was. carried out in a 2:1 mixture of methanol— 
chloroform, under the conditions described by GÖRÖG et al. [1].. The volume of the 
reaction mixture was always 200 ml. The reaction space was thermostated, and 
samples were taken with a pump-system sampler. The reaction mixture was stirred 
from the addition of the hydroxylamine salicylate. The reagent was prepared by 
the procedure described in [1]. 
The reaction in the samples was stopped by instantaneous cooling to — 20 °C. 
The consumption was followed titrimetrically, as described earlier [2]. Titration 
was performed at — 20 °C immediately after the sampling. For sake of comparability, 
the concentrations of ketones and hydroxylamine salicylate in the reaction mixture 
were kept constant. Partial orders were determined applying concentrations varied 
between wide limits [2]. - « 
Spectra were recorded with a SPECORD (GDR) spectrophotometer. The 
spectrophotometric procedure did not serve merely as a check. The accuracy of 
the method was tested during these measurements and was about ± 1 % disregarding 
the possibility of subjective error. The spectrophotometer cell was provided with 
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a micro-stirrer, and the addition of the reagent was instantaneous here, too. 
Measurements were made at 25 PC. The error can be decreased by thermostating. 
The results were evaluated by means of a calibration curve prepared previously. 
The spectrogram obtained for 4-/-butylcyclohexanone is shown in Fig. 1. In both 
methods the concentrations of ketones used was in the range 0.0016—0.1500 mole. 
Studies were made at 20, 25, and 30 °C. For cyclohexanone the reaction could be 
followed only at 0°C. Calculations were performed with a MINSK-22 computer. 
On the basis of previous studies [2], the overall order of reaction was taken 
as 2. The rate constants of the reaction were determined using the equation 
kx = 1 
n — 1 
1 1 
( M o i - m r A0 
where n = 2. Activation enthalpies were calculated from the equation 
H ! 
k = Ae Rr . . 
The rate constants were obtained as mean values within the standard deviation. 
Results and discussion . 
Fig. 1. shows the UV spectrum of 4-i-butylcyclohexanone. The results are listed 
in Table I. 
The theoretically expected sequence of the reaction rates holds for the mono-
cyclic ketones. This is illustrated in Fig. 2, where the logarithms of the reaction 
rates are plotted as a function of the ring size, for the three temperatures studied. 
The reaction steps of oxime-formation are as follows: 
— / % / 
N 








Deviations in the k values indicate not only the relative errors in the titration 
method; they also show that the second-order equation is only a good approximation 
but does not describe exactly the kinetics of the reaction in all cases. Accordingly, 
it would be desirable to slow down the reaction so that the individual steps could 
be followed. Since the H+-djssociation of methanol exerts an influence on the 
incorporation of the proton, the use of deuterated hydroxylamine in chloroform 
appears to be suitable for studying the first step. 
It can be seen from Table I that the highest reaction rate was observed for 
cyclohexanone. In this case the kinetic measurement could be performed only 
at 0 °C. The decreased activity of 4-/-butylcylohexanone can be explained by the effect 
of the para substituent. In this case the bulky i-butyl group is always equatorial. 
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Fig. 1, Curves 1 and 2 are for hydroxylamine salicylate concen-
trations of 4.0-10~5 mole, and 3.0-10"5 mole, respectively. Curve 
3 is the absorption of hydroxylamine salicylate 20 sec after 
the addition of 4-i-butylcyclohexanone to the system. The 









Cj Cg Cj C/o C„ 
Fig. 2. Logarithmic values of reaction rates 
plotted as a function of ring size at three different 
temperatures. CJ =/-butylcyclohexanone 
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Cycloh'exanone 0.0049 0 2.7018 14.9062 - 7.8984 
The rate, decreased for cyclooctanone, increases towards cyclodecanone, and 
decreases for cycloundecanone again. It is particularly clear from the values measured 
at 30 °C that the reaction rate of cyclodecanone is higher than that of the following 
member of the series. 
If the activation enthalpies are plotted as a function of the ring size, the result-
ing curve exhibits a maximum at cyclodecanone, similarly as observed for the 
combustion, heat per methylene group in the alicyclic hydrocarbons. 
The reaction rate of a-tetralone is lower than that of /?-tetralone, and this appears 
also in the differences observed-in their activation enthalpies. This is due to the 
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Fig. 3. Activation enthalpies as a function 
of ring size. Ce as earlier 
more direct effect of the adjacent aromatic ring, or larger steric hindrance of the 
ring of the á-tetralone, in contrast with thé more distant are more easily reacting: 
keto group of /i-tetralone. 
Dicyclopropyl ketone was studied because of its hindered keto group. In this 
case the strained nature of the two cyclopropyl groups can be made responsible for 
the low reaction rates. . 
* :* ' ' 
We wish to express our thanks to the staff of the Cybernetics Laboratory of 
the Attila József University for their help in the calculations. 
References 
[1] Görög. S„ L. Tomcsányi: Magy. Kém. Foly. 71, 220 (1965). 
[2] Goal, /., B. Matkovics, M. Marik: Acta Chim. Hung. 75, 171. (1973). 
КИНЕТИЧЕСКОЕ ИЗУЧЕНИЕ РЕАКЦИИ ОБРАЗОВАНИЯ 
ОКСИМОВ ИЗ КЕТОНОВ 
Ч. Конц, Б. Маткович 
Изучена кинетика реакции образования оксимов из али-, моно- и бициклических кетонов 
и проведено сравнение полученных результатов. 
Наряду с ранее проводимым титриметрическим методом, проведна попытка спектрос-
копического изучения кинетики путем наблюдения изменений максимума поглощения са-
лицилата гидроксиламина в ультрафиолетовой области. В данной работе доложено, об 
этих результатах и найденных , возможностях более точного определения кинетических па-
раметров реакции. 

T R E N N U N G S U B S T I T U I E R T E R A Z O B E N Z O L E 
A U F F A D E N C H R O M A T O G R A P H I S C H E M W E G E 
. Von 
M. SZABÓ, L. MÉSZÁROS, G. H O R V Á T H und F. S I R O K M Á N 
Institut für Angewendte Chemie der Attila-József-Universitat, Szeged 
(Eingegangen am 7. Oktober 1974) 
Die von uns entwickelte fadenchromatographische Methode ermöglicht, bei einfacher Durch-
führung, eine schnelle Bestimmung bzw. Trennung sehr geringer Stoffmengen. In der vorliegenden 
Arbeit wurde die Trennung substituerter Azobenzole an Fäden aus verschiedenem Material mit 
und ohne Silikagel-Träger untersucht. 
Von den zur Trennung geringer Materialmengen benutzten Methoden ist die 
Fadenchromatographie als einfaches, leicht zu handhabendes Verfahren besonders 
vorteilhaft. 
. Wir haben mehrere chromatographische Methode« zur Trennung verschiedener 
Stoffgemische ausgearbeitet [1, 2]. Kürzlich wurde diese Methode auch zur Trennung 
radioaktiv markierter Stoffe verwendet [3]. Mit der Methode können laut Literatur-
angaben [4] selbst Stoffgemische von nur 1—5 |xg getrennt werden. 
Bei der Fadenchromatographie treten bei der Trennung Adsorption, Dispersion 
und Ionenaustausch meistens gemeinsam auf, von denen dann — je nach den Ver-
suchsbedingungen — die eine oder die andere Art die führende Rolle einnimmt. 
Die zahlreichen zu berücksichtigenden Parameter und ihre schwere Reproduzier-
barkeit erschweren die eindeutige theoretische Beschreibung. Diesbezügliche 
theoretische Einzelheiten sind in den Arbeiten von BRENNER U. A. [5], LIGNY u..A. 
[6] und STEWART [7] zu finden. 
Bei der Fadenchromatographie ist die Angabe des auf einen Standard-Stoff 
bezogenen Rf-Wertes besonders nötig, da die Feststellung der Stelle der Lösungs-
mittelfront in vielen Fällen schwierig ist [8, 9]. 
„ „ Entfernung des Probenfleckes vom Startpunkt . . . , , . , Der x?f_c, = - — — ;———; - —wird durch gleich-
Entfernung des Standardfleckes vom Startpunkt 
zeitige Chromatographie des zu untersuchenden Stoffgemisches und des Standards 
bestimmt. Es empfiehlt sich, als Standard eine Verbindung zu wählen, deren 
Struktur einer der zu trennenden Verbindungen nahesteht. 
In der vorliegenden Arbeit haben wir die Trennung von substituierten Azo-
benzolen und Nitrochlorbenzol-Isomeren an verschiedenen trägerfreien und Silika-
gelträger enthaltenden Fäden studiert. 
Die zur Trennung Verwendeten Fäden wurden auf einem aus einem Glasstab 
geformten, 13 cm breiten und 21 cm langen Rahmen mit Einkerbungen an den 
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gegenüberliegenden Seiten befestigt. Es ist darauf zu achten, daß die Fäden vertikal 
verlaufen, da eine schräge Stellung Fehler verursachen kann. Die Probe wurde 
1 cm vom unteren Rahmenrand entfernt mittels Mikropipette aufgetragen. Chro-
matographie und Entwicklung erfolgen ähnlich wie bei der Dünnschichtchromato-
graphie. In gewissen Fällen begünstigt das Auftragen einer fluoreszierenden Schicht 
die Identifizierung der Flecke. 
Das Auftragen der verschiedenen Schichten auf die Fäden läßt sich durch 
Eintauchen in eine mit dem Lösungsmittel bereitete Suspension ermöglichen. Die 
Kombination des Fadenmaterials und der aufgetragenen Schicht erhöht die 
Trennungsmöglichkeit. 
Trennung substituierter Azobenzole 
Art und Zahl der zu den Trennungen verwendeten Fäden sind in Tab. I ange-
geben. 





Stoffklasse Zahl der 
Elementarfäden 
Glas Glas 150 
Diolen Polyester 40 
Dacron Polyester 60 
Trevira Polyester 200 
Viskose Zellulose 60 
Polyamid Polyamid 80 
Polyamid/Polypropylen Polyamid/Polypropylen 80 
Polypropylen Polypropylen 150 
Von den Farbstoffen wurden 0,01 Mol-Lösungen bereitet und davon 0,002 ml 
( ~ 4 |ig) auf die Fäden aufgetragen. Als Laufmittel. diente 1:1 Benzol-Petrol-
äther-Gemisch. Die Laufzeit war bei sämtlichen Fäden 6 Minuten. Die Identifizierung 
des Fleckes nach beendetem Lauf ist aufgrund der Eigenfarbe der Farbstoffe 
möglich. Die einzige Schwierigkeit dieser Chromatographie besteht darin, daß die 
Stelle der Lösungsmittelfront nicht sichtbar ist und so ein R f-Wert nicht berechnet 
werden kann. Diese Schwierigkeit wäre zu beheben, wenn sich ein mit der Front 
laufender Farbstoff finden ließe, was jedoch schwer zu verwirklichen ist. Deshalb 
erweist sich die Angabe des obenerwähnten R rStandard-Wertes als am zweck-
mäßigsten. Die aus den an verschiedenen trägerfreien Fäden gemessenen Auf-
stiegshöhen berechneten auf Azobenzol bezogenen Rf-Standardwerte sind in Tab. II 
angegeben. 
Die substituierten Azobenzole wurden aüch an Silikagel enthaltenden Dünn-
schichten mit 1:1 Benzol-Petroläther-Gemisch als Laufmittel getrennt, wobei für 
die genannten Farbstoffe folgende R r Werte erhalten wurden: Azobenzol: 0,82; 
4-Methoxyazobenzol:- 0,66; 4-Aminoazobenzol: 0,17; 4-Hydroxyazobenzol: 0,12. 
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Aus den verhältnismäßig nahe beieinander liegenden relativen Rf-Werten der 
Farbstoffe (Tabelle II) folgt, daß eine einwandfreie Trennung an trägerfreien Fäden 
nicht erreichbar ist. Propylen- und Diolen-Fäden erwiesen sich als am besten geeignet, 
besonders zur Trennung des 4-Methoxyazobenzols von anderen Derivaten. 
Die Unterschied der von uns bestimmten R rStandard-Werte von den mittels 
Dünnschichtchromatographie erhaltenen Rf-Werten ist den verschiedenen Ad-
sorptionseigenschaften und Kapillareigeschaften der Fäden zuzuschreiben. 
Tabelle II 
Bezeichnung des Fadens 
Azobenzol 
R f - s t 
4-Methoxy-
azobenzol 
R r - s t 
4-Hydroxy-, 
azobenzol 
R f - s . 
. 4-Amino-
azobenzol 
R f - s t 
Glas 1 0 , 9 3 0 , 8 7 0 , 9 5 
Diolen 1 1 ,07 1,48 1 , 6 9 
Dacron 1 1,38 1 , 1 4 0 , 8 7 
Trevira 1 1,23 1,05 1 ,16 
Viskose 1 0 , 8 3 1 , 1 4 0 , 8 4 
Polyamid 66 1 0 , 9 7 1 ,18 1 ,07 
Polypropylen 1 0 , 6 1 1 , 0 4 0 , 9 9 
Polyamid-Polypropylen 1 0,84 1,16 0 , 9 9 
An den aus den meisten Elementarfäden bestehenden Polypropylen- und 
Polyamid-66-Fäden sind die Aufstiegshöhen am größten und an den aus verhältnis-
mäßig wenig Elementarfaden (40—60) bestehenden Diolen- und Dacron-Fäden 
am geringsten. Aus Stoffen gleicher Zusammensetzung bestehende Fäden — so 
Dacron, Diolen und Trevira, die alle Polyester sind — zeigen hinsichtlich der 
Trennung verschiedenes Verhalten. 
Die Trennungsmöglichkeiten der Azobenzole wurde auch an Fäden mit. Silika-
gelträger • untersucht. Die an dem Glasstabrahmen befestigten, entsprechend 
entfetteten Fäden wurden in eine wässerige Silikagelsuspension (65 ml Wasser+30 g 
Silikagel) getaucht und 1 Stunde bei 120 °C aktiviert. Das Laufmittel war auch hier 
1 :l,Benzol-Petroläther-Gemisch. Auf die Fäden wurden 0,002 ml einer 0,01 Mol-
Lösung ( ~ 4 |ig) aufgetragen. Die Laufzeit betrug 20 Minuten. 
In dieser Versuchsreihe waren die in Tab. I angeführten. Viskose- und Poly-
propylen-Fäden nicht verwendbar, da sich keine gleichmäßige Schicht auftragen 
ließ und die Reproduzierbarkeit von der Dicke und Homogenität der aufgetragenen 
Tabelle III 
Bezeichnung des Fadens .Azobenzol R f - s t 
4-Methoxy-
azobenzol 
R f - S t 
4-Amino-
azobenzol 
R f - s t 
4-Hydroxy-
azobenzol 
R r - s . 
Diolen 1 1 ,43 0 , 3 9 0 , 2 3 
Dacron 1 1,51 0 ,41 0 , 1 9 
Trevira 1 1,25 0 , 0 8 0 , 0 6 
Polyamid 66 1 1 ,22 0 , 2 7 0 , 2 7 
Polyamid-Polypropylen 1 0 , 7 0 0 , 1 1 0 , 8 2 
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Schicht beeinflußt wird. Tab. III enthält die an mit Silikagel überzogenen Fäden 
erhaltenen R r a u f Azobenzol bezogene Standard-Werte. 
Aus Tabelle III ist ersichtlich, daß an den mit Silikagel-Schicht versehenen 
Fäden die Azobenzole ebensogut trennbar sind, wie mit dem Dünnschichtverfahren, 
nur ist die Reihenfolge der R r Werte eine andere. Dies zeigt, daß die Grundeigen-
schaften der Fäden die. Trennung bedeutend beeinflussen. Azobenzol, das im Dünn-
schichtverfahren den höchsten R r W e r t hat, steigt nur am Polyamid-Propylen-
faden am höchsten; an den übrigen Fäden zeigt 4-Methoxyazobenzol die größte 
Aufstiegshöhe. Während die materialmäßig gleichartigen Dacron- und Diolen 
Fäden (beide Polyester) ohne Silikagel-Trägersicht verschiedene Trennungseigen-
schaften zeigten, waren ihre Aufstiegshöhen mit. Silikagelschicht und die relativen 
R r Werte annähernd gleich und stimmten auch mit den durch Dünnschichtchromato-
graphie erhaltenen Werten überein. 
Zusammenfassend ist festzustellen, daß die mit Silikagelträger versehenen 
Faden für chromatographische Trennungszwecke ebenso gut geeignet sind, wie die 
dünnschichtchromatographische Methode, Sie ermöglichen aber auch die Trennung 
sehr geringer Stoffmengen. 
Trennung von ortho- unäpara-Nitrochlorbenzol-Isomeren an 
silikagelhaltigen Diolenfäden 
Die Trennung des durch Nitrierung von Chlorbenzol im Fadenreaktor [10] 
gewonnenen Isomerengemisches wurde fadenchromatographisch durchgeführt. 
Da sich in den obigen Versuchen der Diolenfäden für das Auftragen einer 
gleichmäßigen Silikagelschicht als am besten geeignet erwiesen hatte, haben wir 
zur Trennung der Nitrochlorbenzol-Isomeren dieses benutzt, wobei verschiedene 
Laufmittelgemische verwendet wurden. 
Die Lokalisierung des Fleckes erfolgte im UV-Licht aufgrund der für Nitro-
Verbingungen charakteristischen dunkelbraunen Farbe [11]. 
Tabelle IV 
Bezeichnung Laufmittel o-Nitro- p-Nitro-
des Fadens chlorbenzol chlorbenzol 
Diolen Cyklohexan 1 0,49 
Diolen Cyklohexan mit 
5% Formamid 1 0,30 
Diolen Butanol mit 
2,5% Essigsäure 1 0,53 
Klassische 
Dünnschicht Cyklohexan 1 0,86 
Die auf den Faden aufgetragene Materialmenge war 0,002 ml einer 0,1 Mol-
Lösung. Angewandte Laufmittelgemische: Cyklohexan; Cyklohexan mit 5% 
Formamid; Butanol mit 2,5% Essigsäure. 
Die Stelle der Lösungsmittelfront war auch in diesem Falle nicht zu ermitteln, 
deshalb sind in Tab. IV. aufgrund der Aufstiegshöhe auf o-Nitrochlorbenzol-Standard 
bezogene R r Wer te angegeben. 
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Aus den Ergebnissen ist ersichtlich, daß die Nitrochlorbenzol-Isomeren an 
mit Silikagel überzogenen Diolenfäden in Cyklohexan mit 5% Formamid als Lauf-
mittel gut trennbar sind. Mit Cyklohexan als Laufmnittel ist am Faden eine bessere 
Trennung zu erreichen, als mit der lassischen Dünnschichtchromatographie. 
Unsere fadenchromatographischen Untersuchungen beweisen, daß diese 
Methode bei Benutzung entsprechender Fäden und Laufmittel zur Trennung kleiner 
Stoffmengen sehr gut anwendbar ist. 
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РАЗДЕЛЕНИЕ ЗАМЕЩЕННЫХ АЗО-БЕНЗОЛОВ 
МЕТОДОМ НИТЕВОЙ ХРОМАТОГРАФИИ 
М. Сабо, JI. Месароиг, Г. Хорват, Ф. Широкман 
Разработан метод нитевой хроматографии для быстрого разделения малых количеств 
различных веществ. В данной работе изучено разделение замещенных азо-бензолов на нитях 
без носителей и на нитях покрытых силикагелевым носителем. 
